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AMINO ACID DERIVATIVE ANTICONVULSANT 


"" Trie present invention relates to compounds and 

pharmaceutical compositions having central nervous system 
(CNS) activity which are useful in the treatment of 
epilepsy and other CNS disorders. More specifically, the 
compounds of this invention can be characterized as 
protected amino acid derivatives of the formula: 


T 


R-NIHC-CNM^C-Rj 

Q R*. A 


or the N-oxides thereof or pharmaceutically acceptable 
salts thereof wherein 

R is hydrogen, lower alkyl, lower alkenyl, lower 
alkynyl, aryl, aryl,, lower alkyl, heterocyclic, heterocyclic 
^-5 lower alkyl, lower alkyl heterocyclic, lower cycloalkyl, 
lower cycloalkyl lower alkyl, and R is unsubstituted or is 
substituted with at least one electron withdrawing group or 
electron donating group; 

R a is hydrogen or lower alkyl, lower alkenyl, 
lower alkynyl, aryl lower alkyl, aryl, heterocyclic lower 
alkyl, heterocyclic, lower cycloalkyl, lower cycloalkyl 
lower alkyl, each unsubstituted or substituted with an 
electron donating group or an electron withdrawing group 
> - and 

- Ra and R 3 are independently hydrogen, lower 

alkyl, lower alkenyl, lower alkynyl, aryl lower alkyl, 
aryl, heterocyclic, heterocyclic lower alkyl, lower alkyl 
heterocyclic, lower cycloalkyl, lower cycloalkyl lower 
alkyl, S0 3 ~ or Z-Y wherein R 2 and R 3 may be unsubstituted 
30 or substituted with at least one electron withdrawing group 
or electron donating group; 
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Z is O, S,S{0) a , NR*, PR* or a chemical bond; 

Y is hydrogen, lower alkyl, aryl, aryl lower 
alkyl, lower alkenyl, lower alkynyl, halo, heterocyclic, 
heterocyclic lower alkyl, cycloalkyl, cycloalkyl lower 
and Y may be unsubstituted or substituted with an 
electron donating group or an electron withdrawing group 
provided Z is a chemical bond only, when Y is halo, or 

ZY taken together is NR*NR 5 R 7 , NR*OR s , ONR*R 7 , 
OPR*R s , PR*0R 5 , SNR*R V , NR*SR 7 , SPR*R 5 , PR*SR V , NR*PR s R e 


P 

PR*NR s R 7 , NR*C-R s , SCR s , NR*C-OR s , SC-OR s , NR*C-NR S R S , 
O O O O O 

NR*CNR 5 S(0)^R s , NR*CNR s R e , NR*CMNR s COR s , or C-NH, , 

» 1 »» ii 

o s Q A S j 


f 


R* , R 5 and R s are independently hydrogen, lower 
alkyl, aryl, aryl lower alkyl, lower, alkenyl, or lower 
alkynyl, wherein R 4 , R s and R s may be unsubstituted or 
substituted with an electron withdrawing group or an 
electron donating group and 

R -7 is R s or COOR B or COR s 

Rs is hydrogen or lower alkyl, or aryl lower 
alkyl, and the aryl or alkyl group may be unsubstituted or 
substituted with an electron withdrawing group or an 


electron donating group and 

A and Q are independently O or S, M is an 
alkylene chain containing up to 6 carbon atoms or a 
chemical bond; 

n is 1-4 and 
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a is 1-3. 

The predominant application of anticonvulsant drugs 
is the control and prevention of seizures associated with 
epilepsy or related central nervous system disorders. Epilepsy 
refers to many types of recurrent seizures produced by 
paroxysmal excessive neuronal discharges in the brain; the two 
main generalized seizures are petit mal, which is associated 
with myoclonic jerks, akinetic seizures, transient loss of 
consciousness, but without convulsion; and grand mal which 
manifests in a continuous series of seizures and convulsions 
with loss of consciousness. 

The mainstay of treatment for such disorders has been 
the long-term and consistent administration of anticonvulsant 
drugs. Most drugs in use are weak acids that, presumably, 
exert their action on neurons, glial cells or both of the 
central nervous system. The majority of these compounds are 
characterized by the presence of at least one amide unit and 
one or more benzene rings that are present as a phenyl group or 
part of a cyclic system. 

Much attention has been focused upon the development 
of anticonvulsant drugs and today many such drugs are well 
known. For example, the hydantions, such as phenytoin, are 
useful in the control of generalized seizures and all forms of 
partial seizures. The oxazolidinediones , such as trimethadione 
and paramethadione , are used in the treatment of nonconvulsive 
seizures. Phenacemide, a phenylacetylurea, is one of the most 
well known anticonvulsants employed today , while much attention 
has recently been dedicated to the investigation of the 
diazepines and piperazines. For example, U.S. Patent Nos. 
4,002,764 and 4,178,378 to Allgeier , et al. disclose esterified 
diazepine derivatives useful in the treatment of epilepsy and 
other nervous disorders. U.S. Patent No. 3,887,543 to 
Nakanishi, et al. describes a thieno t2,3-e]ll,4] diazepine 
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compound also having anticonvulsant activity and other 
depressant activity. U.S. Patent No. 4,209,516 to Heckendorn, 
et al. relates to triazole derivatives which exhibit 
anticonvulsant activity and are useful in the treatment of 
epilepsy and conditions of tension and agitation. U.S. Patent 
No. 4,372,974 to Fish, et al. discloses a pharmaceutical 
formulation containing an aliphatic amino acid compound in 
which the carboxylic acid and primary amine are separated by 
three or four units. Administration of these compounds in an 
acid pH range are useful in the treatment of convulsion, 
disorders and also possess anxiolytic and sedative properties. 

Unfortunately, despite the many available 
pharmacotherapeutic agents, a significant percentage of the 
population with epilepsy or related disorders are poorly 
managed. Moreover, none of the drugs presently available are 
capable of achieving total seizure control and most have 
disturbing side-effects. Clearly, current therapy has failed 
to "seize control" of these debilitating diseases. 

It is therefore one object of the present invention 
to provide novel compounds exhibiting CNS activity, 
particularly anticonvulsant activity. 

Another object of this invention is to provide 
pharmaceutical compositions useful in the treatment of epilepsy 
and other CNS disorders. 

A further object of this invention is to provide a 
method of treating epilepsy and related convulsant disorders. 

These and other objects are accomplished herein by 
providing compounds of the following general formula: 


|2 

R— NIHC-CNJUC-R., 
II I n || l 
Q R 3 A 
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n, Z, Y, A and Q are as 
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wherein R, R a , r 2/ r 3/ r 4 , r 5 , r 6 , 
defined hereinabove. 

) 

The present invention contemplates employing the 
compounds of Formula I in compositions of pharmaceutically 
acceptable dosage forms. Where the appropriate substituents 
are employed, the present invention also includes 
pharmaceutically acceptable addition salts. Moreover, the 
administration of an effective amount of the present compounds, 
in their pharmaceutically acceptable forms or the addition 
salts thereof, can provide an excellent regime for the ; • 
treatment of epilepsy, nervous anxiety, psychosis, insomnia and 
other related central nervous disorders. 

The alkyl groups when used alone or in combination 
with other groups, are lower alkyl containing from 1 to 6 
carbon atoms and may be straight chain or branched. These 
groups include methyl, ethyl, propyl, isopropyl, butyl, 
isobutyl, tertiary butyl, amyl, hexyl, and the like. 

The aryl lower alkyl groups include, for example, 
benzyl, phenethyl, phenpropyl, phenisopropyl, phenbutyl, and 
the like, diphenylmethyl, 1 , 1-diphenylethyl , 1,2-diphenyl- 
ethyl, and the like. 

The term aryl, when used along or in combination, 
refers to an aromatic group which contains from 6 up to 18 ring 
carbon atoms and up to a total of 25 carbon atoms and includes 
the polynuclear aromatics. These aryl groups may be 
monocyclic, bicyclic, tricyclic or polycyclic and are fused 
rings. Polynuclear aromatic compound is meant to encompass 
bicyclic, tricyclic fused aromatic ring system containing from _ 
10-rl8 ring carbon atoms and up to a total of 25 carbon atoms. 
The aryl group includes phenyl, and the polynuclear aromatics 
e.g., naphthyl, anthracenyl, phenanthrenyl , azulenyl and the 
like. The aryl group also includes groups like ferrocenyl. 
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Lower alkenyl is an alkenyl group containing from 2 
to 6 carbon atoms and at least one double bond. These groups 
may be straight chained or branched and may be in the Z or E 
form. Such groups include vinyl, propenyl, 1-butenyl, 
isobutenyl, 2-butenyl, 1-pentenyl, ( Z) -2-pentenyl, 

( E) -2-pentenyl, ( Z) -4-methyl-2-pentenyl, 

(E-) -4-methyl-2-pentenyl, pentadienyl, e.g., 1,3 or 2,4- 
pentadienyl, and the like. 

The term alkynyl include alkyene substituents 
containing 2 to 6 carbon atoms and may be straight chained as 
well as branched. It includes such groups as ethynyl, 
propynyl, 1-butynyl, 2-butynyl, 1-pentynl, 2-pentynyl, 
3-methyl-l-pentynyl, 3-pentynyl, 1-hexynyl, 2-hexynyl, 

3-hexynyl and the like. 

The term cycloalkyl when used alone or in combination 
is a cycloalkyl group containing from 3 to 18 ring carbon atoms 
and up to a total of 25 carbon atoms. The cycloalkyl groups 
may be monocyclic, bicyclic, tricyclic, or polycyclic and the 
rings are fused. The cycloalkyl may be completely saturated or 
partially saturated. Examples include cyclopropyl, cyclobutyl, 
cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, cyclodecyl, 
cyclohexenyl , cyclopentenyl , cyclooctenyl , cycloheptenyl, 
decalinyl, hydroindanyl, indanyl, fenchyl, pinenyl, adamantyl, 
and the like. Cycloalkyl includes the cis or trans forms. 
Furthermore, the substituents may either be in endo or exo 
positions in the bridged bicyclic systems. 

The term "electron-withdrawing and electron donating" 
refer to the ability of a substituent to withdraw or donate 
electrons relative to that of hydrogen if the hydrogen atom 
occupied the same position in the molecule. These terms are 
well understood by one skilled in the art and are discussed in 
Advanced Organic Chemistry , by J. March, John Wiley and Sons, 
New York NY, pp. 16-18 (1985) and the discussion therein is 
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incorporated herein by reference. Electron withdrawing groups 
include halo, including bromo, fluoro, chloro, iodo and the 
like; nitro, carboxy, lower alkenyl, lower alkynyl, formyl, 
carboxyamido , aryl, quaternary ammonium, trif luoromethyl, aryl 
lower alkanoyl, carbalkoxy and the like. Electron donating 
groups include such groups as hydroxy, lower alkoxy, including 
methoxy, ethoxy and the like; lower alkyl, such as methyl, 
ethyl, and the like; amino, lower alkylamino, di ( loweralkyl) 
amino, aryloxy such as phenoxy, mercapto, lower alkylthio, 
lower alky lmercapto , disulfide (lower alkyldithio) and the 
like. One skilled in the art will appreciate that the 
aforesaid substituents may have electron donating or electron 
withdrawing properties under different chemical conditions. 
Moreover, the present invention contemplates any combination of 


substituents selected from the above— identified groups. 

The term halo includes fluoro, chloro, bromo, iodo 
and the like. 

The term acyl includes lower alkanoyl. 

As employed herein, the heterocyclic substituent 
contains at least one sulfur, nitrogen or oxygen, but also may 
include one or several of said atoms. The heterocyclic 
substituents contemplated by the present invention include 
heteroaromatics and saturated and partially saturated 
heterocyclic compounds. These heterocyclics may be monocyclic, 
bicyclic, tricyclic or polycyclic and are fused rings. They 
may contain up to 18 ring atoms and up to a total of 17 ring 
carbon atoms and a total of up to 25 carbon atoms. The 
heterocyclics are also intended to include the so-called 
benzoheterocycles. Representative heterocyclics include furyl, 
thienyl, pyrazolyl, pyrrolyl, imidazolyl, indolyl, thiazolyl, 
oxazolyl , isothiazolyl , isoxazolyl, piperidyl, pyrrolinyl, 
piperazinyl , quinolyl, triazolyl, tetrazolyl, isoquinolyl, 
benzofuryl, benzothienyl, morpholinyl, benzoxazolyl , 
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1 Letrahydrofuryl, pyranyl, indazolyl, purinyl, indolinyl, 
pyrazolidinyl , imidazolinyl, imadazolidinyl, pyrrolidinyl, 
furazanyl, N-mcthylindolyl , methyl furyl, pyridazinyl, 
pyrimidinyl, pyrazinyl, pyridyl, epoxy, aziridino, oxetanyl, 

5 azetidiniyl, the N-oxides of the nitrogen containing 

heterocycles, such as the nitric oxides of pyridyl, pyrazinyl, 
and pyrimidinyl and the like. The preferred heterocyclic are 
thienyl, furyl, pyrroly, benzofuryl, benzothienyl, indolyl, 
methylpyrrolyl, morpholinyl, pyridyl, pyrazinyl, imidazolyi, 

10 j pyrimidinyl, pyrazolyl or pyridazinyl. The preferred 

i heterocyclic is a 5 or 6-membered heterocyclic compound. 

| T * le especially preferred heterocyclic is furyl, pyridyl, 
j Py razi nyl, imidazolyi, pyrazolyl, triazolyl, tetrazolyl, 
oxadiazolyl, epoxy, pyrimidinyl, or pyridazinyl. The most 
15 ' preferred heterocyclics are furyl, pyrazolyl, pyrrolyl and 
pyridyl. 

The preferred compounds are those wherein n is 1, but 
di, tri and tetrapeptides are also contemplated to be within 
the scope of the claims. 


The preferred values of R is aryl lower alkyl, 
especially benzyl, and the preferred R ^ is H or lower alkyl. 
The most preferred R x group is methyl. 

The most preferred electron donating substituent and 
electron withdrawing substituent are halo, nitro, alkanoyl, 
formyl, arylalkanoyl, aryloyl, carboxyl, carbalkoxy, 
carboxamide, cyano, sulfonyl, sulfoxide, heterocyclic, 
guanidine, quaternary ammonium, lower alkenyl, lower alkynyl, 
sulfonium salts, hydroxy, lower alkoxy, lower alkyl, amino, 
lower alkylamino, di( .loweralkyl) amino, amino lower alkyl 
mercapto, mercaptoalkyl , alkylthio; and alkyldithio. The term 
"sulfxde" encompasses mercapto, mercapto alkyl and alkylthio, 
while the term disulfide encompasses alkyldithio. These 
preferred substituents may be substituted on any one of R , r 
R 3' R 4 r R 5 or R 6' R 7 or R 8 as de f-i- n ed herein. 1 2 
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. . ZX groups representative of R and R, include 

ydroxy, alkoxy, such as mothoxy, ethoxy, aryloxy, such as 
enoxy, loalkoxy, such as thiomethoxy, thioethoxy; 

Jr™ SUCh aS thl ° Phcnoxy; an, rno; alkylamino, such as 

dialkvl' nl * ,0# ethylamino '' arylamino, such as anilino; lower 

hvdra, i amin0 1 ’v S r h aS ' dln,ethylamin °! trialkyl ammonium salt, 
y azino, alkylhydrazino and arylhydrazino, such as 

N-nethyihydrazino, N-phenylhydrazino. carbalkoxy hydrazine, 

aralkoxycarbonyl hydrazine, aryloxycarbonyl hydrazine, 

a^o X nZn°', SU f " N ‘ hydrOXylamin ° ( -NH-OH ) , lower alkoxy 

alkvlh a , 18 ln E 18 is lower alkyl], N-lower 

lkylhydroxyl amino UHCR^loH wherein R 18 is louer alkyl)> 

wi, * yl ~° l0Wer 3lkyl tydroxyamino, i.e., [H(R <0 )OR, 


wherein R l8 and R 19 are independently lower alkylj and 


'19 


j. 27 *-jr ■‘•uwBi ajLKyj. j and 

°"^ r0Xylatnin0 . ( ‘°- NH 2>'* alkylamido such as acetamido, 

h_ t UOr °:r tamid0 ' l0Wer alkox y amin °r (e.g. NH(och^) ; and 
rocyclicamin 0 , such as pyrazoylamino. 

Furthermore, in still another embodiment Z may be 

°' S ' NR * or PR « and Y ma y b e hydrogen, lower alkyl or aryl 
and R, Ra. , R = , R 3 , r 4 , r 5/ r s , r 7 , r b , n and a are as 

defined hereinabove. 

In a still further embodiment, ZY may be^NR„CR s 

II ' 

or SCR s or NR„c-OR s , or SC-OR s and ° 

S !l w 

° o o 


R/ R ir R 2 / R 3/ R-., r s/ R e / R-7, R s , n and a are as defined 
hereinabove . 

When R a or R 3 is heterocyclic, the preferred 
heterocyclics are furyl, tetrahydrofuryl, pyridyl, 
pyrazinyl, imidazolyl, pyrazolyl, triazolyl, tetrazolyl. 
oxadiazolyl or epoxy. The most preferred heterocyclic is fury 
pyridyl, pyrazoyl and pyrrolyl. 
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R he h Pref l rred hetSrOCyClic representative 


of R 2 and R 3 have the formula 


TdOk 


! \ ^ 

| <CH) " 

or those corresponding partially or fully saturated torn 
10 thGreof wherein n is 0 or 1 

A, Z, L and J are independently CH, or a heteroatom 
selected from the group consisting of N, o, s, and 

j G xs CH, or a heteroatom selected from the group 

I consisting of N, O and S , 

15 ' bUt when 11 1E °* <3 is CH, or a heterocyclic selected 

from the group consisting of NH. and s with the proviso that 
at most two of A, E, L, J and G are heteroatoms. 

If the ring depicted hereinabove contains a nitrogen 

20 within the " thG N '° Xide f ° rms are als ° contemplated to be 

20 wxthxn the scope of the. invention. 

< ; When R 2 or R^ is a heterocyclic of tho -,w c 

it may be bonded to the main chain by a rina c k ^ rmUla ' 
n is o, r 2 or R3 may additional be Q J *-bon atom. When 

> by a nitrogen ring atom 6 main chain 

v-v. 25. . 

; - R " ° r Ra may ind ependently also be SO a - , or 

' \ Furthermore, zy may also be^NR^c HR,R. 

i. « 

''Tl# 30 ; NR -| NR =S(0)aR s , NR,C-NR.,R S , C - NH, or 

; 0 o S 

or R 4 CM NR s C OR e . 

/! » 

0 A r 

,cl ' -J 



When R 2 is alkenyl the alkenyl group is a lower 
a enyl group having 1-6 carbon atoms. The alkenyl group 
may b e substituted with an electron donating group and more 

P eferably with an electron withdrawing group, such as 
COOH . 
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As indicated hereinabove, Q and A may be O or S; 
in other words, the main chain may contain only 0=0, only 
-C=S or combinations thereof. All such permutations are 
contemplated herein. It is preferred that the compounds oi 
the present invention contain no more than 2 C=S moieties 
it is even more preferred that the compounds of the present 
invention contain no more than 1 c=S moiety. The most 
preferred embodiment are when A and Q are both oxygen. 

An embodiment of the present application is one 
in which the compounds are of Formula I wherein R is lower 
cycloalkyl or lower cycloalkyl lower alkyl, and R is 
unsubstituted or is substituted with at least one electron 
withdrawing group or electron donating group and R a , r 2 , 

R 3 , Z, Y or 2Y taken together, R 4 , r 5 , r s , r 7 , r s/ n an< ^ a 
sre as defined, herein* 

Another embodiment of the present invention 

include compounds of Formula I wherein r x is lower 

cycloalkyl or lower cycloalkyl lower alkyl and R x may be 

unsubstituted or substituted with an electron donating 

group or electron withdrawing group and R x , r 3 , r 3 , z, Y, 

or ZY taken together* r . r r o , 

y r 7 , r 8 n and a are as 

defined hereinabove . 
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nother embodiment of the present invention 
includes compounds of Formula I wherein R 2 is lower 
cycloalkyl or lower cycloalkyl lower alkyl and R a may be 
unsubstituted or substituted with an electron donating 
group or electron withdrawing group, and R, R x , r 3 , r 4 , r s/ 
Rs/ R-7 / R s and a are as defined hereinabove. 

Still another embodiment of the present invention 
include compounds of Formula I wherein R 3 is lower 
cycloalkyl or lower cycloalkyl lower alkyl and R 3 may be 
unsubstituted or substituted with an electron donating or 
electron withdrawing group and R, R x , r 2 , r 4 , r s , r s , r ^ / 

R ® * n and a are as defined hereinabove. 

A ^ urttier embodiment of the present invention 
include compounds of Formula I wherein Z is S(0) a and R, 

Rl ' Rz ' R= *' Y ' R-a ' Rs ' R s/ R*^ p Re t n and a are as defined 
herein. 
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It is preferred that one of R 2 and is hydrogen. 

In a preferred embodiment, one of Rp and R^ is ' 
hydrogen and that the other is heterocyclic. It is preferred 
that one of Rp and R^ is a heterocyclic having Formula XI. The 
preferred heterocyclics include furyl, thienyl, benzothienyl, 
benzofuryl, oxazolyl, thiazolyl, isoxazolyl, indolyl, 
pyrazolyl, isoxazolidinyl , benzothienyl, benzofuryl, 
morpholinyl, indolyl, pyrrolyl, furfuryl, and methyl- 
pyrrolyl, pyridyl, pyrazinyl, imidazolyl, pyrimidinyl or 

pynda.zmyl, pyrazolyl, or epoxy. in another preferred 
embodiment, one of r 2 and R 3 is alkyl (e.g. 
methylisopropyl), aryl (e.g., phenyl), 

henyj^- 2-thiomethylethyl, lower 
alkoxy (e.g., ethoxy, methoxy) , anilino, propenyl. 


35 



alkylamino (e.g., ethylamino or methylamino) . In another 
preferred embodiment, one of R 2 and R 3 is hydrogen and the 
other is heterocyclic lower alkyl, lower alkenyl, amino, 
lower alkoxy amino, N- lower alkylhydroxyamino , lower 
alkoxyamino, N- lower alkyl-O-lower alkylhydroxyamino or 
aralkoxycarbonylhydrazino . 


! riBie rrea compounds of 

_10 'Allowing general formula: Present invention have the 
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20 


25j 


and^ 1 ” ^ ** H ° r l0Wei alky1 ' R 2 and R 3 are as defined above 
d A is hydrogen or an electron donating group or electron- 

wrthdrawrng group and m is 0-5. It is preferred that A is 

y rogen (i.e., m-0). However, values of m equalling 1, 2 or ' 
are also preferred. 

Preferred embodiments include compounds of Formula I 




?2 

R-NI H J-CNllf n C.R 
0 P'3 O 


(I) 
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| wherein R and R^, independently, are hydrogen, lower alkyl, 

| lower alkenyl, lower alkynyl, aryl lower alkyl, aryl, 

! heterocyclic, lower alkyl heterocyclic, each unsubstituted or 

: substituted with at least one substituent; 

5 

R 2 and R 3 , independently, are hydrogen, lower alkyl, 
lower alkenyl, lower alkynyl, aryl lower alkyl, aryl, 

heterocyclic, lower alkyl heterocyclic, each unsubstituted or 
substituted with at least one substituent; halogen or a 
10 heteroatom containing oxygen, nitrogen, sulfur or phosphorous 
substituted with hydrogen, lower alkyl or aryl, said lower 

alkyl or aryl groups being substituted or unsubstituted; and 
n is 1 to 4. 


15 


Formula I 


Another preferred embodiment is a compound having 


-(93K 


° R 3 -S 


(I) 


wherein R is aryl, aryl lower alkyl, heterocyclic, lower alkyl 
heterocyclic, polynuclear aromatic or lower alkyl polynuclear 
aromatic, each unsubstituted or substituted with at least one 
electron withdrawing substituent or at least one electron 
donating substituent; 

R 1 is H or lower alkyl, unsubstituted or substituted 
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^ with at least one electron withdrawing substituent or at least 
one electron donating substituent; 

R 3' independently, are hydrogen, lower alkyl, 
lower alkenyl, lower alkynyl, aryl, aryl lower alkyl, 

; c heterocyclic, lower alkyl heterocyclic,, polynuclear aromatic, 
lower alkyl polynuclear aromatic, each unsubstituted or 
substituted with at least one electron donating substituent, 
halogen or a heteroatom containing oxygen, nitrogen, sulfur or 
phosphorous substituted with hydrogen, lower alkyl or aryl, 
said lower alkyl or aryl groups being substituted or , 
unsubstituted; and 

n .is 1 to 4. 

Another preferred embodiment of the present invention 
. ; is a compound of Formula I 

R- 
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R-NH-f C-CNHi C-R, 
II I ri|| 1 
• OR, • O 
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wherein R is aryl lower alkyl, heterocyclic, lower alkyl 
heterocyclic, polynuclear aromatic or lower alkyl polynuclear 
aromatic, each of which may be unsubstituted or substituted 
with at least one halo, nitro, acyl, carboxyl, carboalkoxy, 
carboxamide, cyano, sulfonyl, sulfoxide (sulfinyl) 
heterocyclic, guanidine, quaternary ammonium hydroxy, alkoxy, 
alkyl, amino, phenoxy, mercapto, sulfide or disulfide; 

is H or lower alkyl which may be unsubstituted or 
substituted with at least one halo, nitro, acyl, carboxamide, 
cyano, sulfonyl, sulfoxide (sulfinyl), heterocyclic, guanidine, 
quaternary ammonium, hydroxy, lower alkoxy, amino, phenoxy, 
sulfide, or disulfide; 

R 2 is hydrogen, lower alkyl, lower alkenyl, lower 
alkynyl, aryl, heterocyclic, lower alkyl heterocyclic, 
polynuclear aromatic, lower alkyl polynuclear aromatic, each 
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unsubstituted or substituted with at least one electron 
withdrawing substituent or at least one electron donating 
substituent ; halogen or a hctcroatom consisting of oxygen, 
nitrogen, sulfur or phosphorous, said heteroatom being 
substituted with hydrogen, lower alkyl or aryl, said lower 
alkyl or aryl groups being substituted or unsubstituted; 

Rj is. hydrogen, lower alkyl, lower alkenyl, lower 
alkynyl, aryl, heterocyclic, lower alkyl heterocyclic, 
polynuclear aromatic, lower alkyl polynuclear aromatic, each 
unsubstituted or substituted with at least one electron 
withdrawing substituent or at least one electron donating 
substituent; halogen or a heteroatom consisting of oxygen, 
nitrogen; sulfur, or phosphorous said heteroatom being 
substituted with hydrogen, lower alkyl or aryl, said lower 
alkyl of aryl groups being substituted or unsubstituted; 

and n is 1 to 4 ; 

Another preferred embodiment is a compound of Formula 


I 


20 


|2 

R-NH-fC-CNH* C-R, 
II I n,| 1 

O R O 


(I) 


^ wherein R is aryl, aryl lower alkyl, heterocyclic or 

heterocyclic lower alkyl and R is unsubstituted or is 
substituted with at least one electron withdrawing group, or 
electron donating group; 

25 ^ hydrogen or lower alkyl, unsubstituted or 

substituted with an electron donating group or an electron 
withdrawing group and 

R 2 and Rj are ^independently hydrogen, lower alkyl, 

lower alkenyl, lower alkynyl, aryl lower alkyl, aryl, 

lower alkyl, or Z-Y wherein R 2 and 
substituted with at least one 


heterocyclic, heterocyclic 
R^ may be unsubstituted or 
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electron withdrawing group or electron donating group; 

Z is O, S,S(0) ,'NR 4 , PR 4 or a chemical bond; 

Y is hydrogen, lower alkyl, aryl, aryl lower alkyl, 
lower alkenyl > lower alkynyl, heterocyclic, heterocyclic lower 
alkyl, or halo and Y may be unsubstituted or substituted with 
an electron donating group or an electron withdrawing group, 
provided that when Y is halo, Z is a chemical bond, or 

ZY taken together is NR 4 NR 5 R 7 , NR 4 OR 5 , ONR 4 R ? , 
opr 4 r 5 , pr 4 or 5 , snr 4 r ? , nr 4 sr 7 , spr 4 r 5 or pr 4 sr 7 , nr 4 pr 5 r 6 or 


r 


pr 4 nr 5 r 7 , nr 4 cr 5 , scr 5 , nr 4 cor 5 , 

o o o 


SC-OR c 

" 5 \ 

° J 


R 4 , R^ and Rg are independently hydrogen, lower 
alkyl, aryl, aryl lower alkyl, lower alkenyl, or lower alkynyl, 
wherein R 4 , Rg and Rg may be unsubstituted or substituted with 
an electron withdrawing group or an electron donating group and 


R 7 is Rg or COORg 


or CORg, Rg is hydrogen or lower 


alkyl, or aryl, lower alkyl, wherein the aryl or lower alkyl 
groups may be unsubstituted or substituted with an electron 
withdrawing or electron donating group, 
n is 1-4 and 
a is 1-3. 

Another class of preferred compounds of the Formula 
have the formula 




n-mMc-CNiit.c-Rj 


O R- 
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wherein R is aryl, aryl lower alkyl, heterocyclic or 
heterocyclic alkyl which is unsubstituted or substituted with 
at least one electron withdrawing group or at least one 
electron donating group; 

is hydrogen or lower alkyl which is unsubstituted 
or substituted with at least one electron withdrawing group or 
one electron -donating group. 


R 2 and R 3 are independently hydrogen, lower alkenyl, 
lower alkynyl , aryl, aryl lower alkyl, z-Y or a heterocyclic 
group which may be unsubstituted or substituted with at least 
one electron withdrawing or one electron donating group, with 
the proviso that R 2 and R 3 cannot both be hydrogen; 

Z is O, S, NR 4 , PR 4 or a chemical bond; 

Y is hydrogen, lower alkyl, aryl, aryl lower alkyl, 
lower alkenyl, lower alkynyl or halo, and Y may be 
unsubstituted or substituted with an electron donating group or 
an electron withdrawing group, provided that when Y is halo, Z 
is a chemical bond; or 


°p r 4 r 5 , 
pr 4 nr 5 r 6 , 


ZY taken together is NR -NR C R C , NR -OR- , 

-> o 4 5 


PR 4 °R 5 , 


snr 4 r 5 , 


nr 4 sr 5 . 


spr 4 r 5 . 


onr 4 r 5 . 


or PR 4 SR 5 , 


NR 4 PRj.Rg or 


r 4 , R^ and Rg are independently hydrogen, lower 
alkyl, aryl, aryl lower alkyl, lower alkenyl, or lower alkynyl, 
wherein R A , R^ and R g may be unsubstituted or substituted with 
an electron withdrawing group or an electron donating group; 
n is 1-4. 

Of this preferred group, it is especially preferred that n is 

1 . 


The preferred compounds are those in which R is aryl, 
aryl lower alkyl, heterocyclic, or heterocyclic lower alkyl, R 
is hydrogen or lower alkyl, r 2 and R 3 are independently ” 1 

hydrogen, heterocyclic, lower alkyl, aryl, lower alkoxy, lower 
alkenyl, amino, hydroxylamino, lower alkoxy amino, N-lower 


alkyl hydroxyamino, N-lower alkyl-o-lower alkyl hydroxyamino, 
aralkoxy carbonyl hydrazino or alkylmercapto and n is 1. 

In another preferred embodiment, n is 1, R and R^ are 
as defined hereinabove and one of R 2 and R^ is hydrogen and the 
other is heterocyclic, heterocyclic lower alkyl, aryl 
N-hydroxylamino, lower alkoxy amino, N-lower alkylhydroxylamino, 
N-lower alky^O- lower alkylhydroxyamino. 

Another preferred embodiment is wherein n is 1, R and 
R^ are as defined hereinabove, one of R 2 and R^ is as defined 
hereinabove or the other is heterocyclic, heterocyclic lower 
alkyl, lower alkyl heterocyclic, aryl, N-hydroxylamino, lower 
alkoxy amino, N-lower alkyl hydroxylamino, N-lower 
alkyl-o-lower alkyl hydroxylamino, lower alkoxy, dialkyl lower 
amino, lower alkylamino, aryl lower alkyloxy hydrazino, or 
lower alkylmercapto. 

The various combination and permutations of the 
Markush groups of R^, R 2 , R^ R and n described herein are 
contemplated to be within the scope of the present invention. 
Moreover, the present invention also encompasses compounds and 
compositions which contain one or more elements of each of the 
Markush groupings in R^, R 2 , R^ , n and R and the various 
combinations thereof. Thus, for example, the present invention 
contemplates that R^ may be one or more of the substituents 
listed hereinabove in combination with any and all of the 
substituents of R 2 , R^ and R with respect to each value of n. 

The compounds of the present invention may contain 
one (1) or more asymmetric carbons and may exist in racemic and 
optically active forms. The configuration around each 
asymmetric carbon can be in either the D or L form. (It is 
well known in the art that the configuration around a chiral 
carbon atoms can also be described as R or S in the 
Cahn-Prelog-Ingold nomenclature system) . All of the various 
configurations around each asymmetric carbon, including the 
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various enantiomers and diastereomers as well as racemic 
mixtures and mixtures of enantiomers, diastereomers or both are 
contemplated by the present invention. 

principal chain, there exists asymmetry at the 
carbon atoms to which the groups R 2 and R 3 are attached as 
substituted. When n is 1, the compounds of the present 
invention is of the formula 


-tu 0 ^ 


15 


20 


h V ? 

R - NH -C-C-N-C- 
O r 3 

wherein R, R^ , R 2 , R 3 , R^ , R,. , Rg, 2 and Y are as defined 
previously. As used herein, the term configuration shall refer 
the configuration around the carbon atom to which R 2 and R 3 
are attached, even though other chiral centers may be present 
in the molecule. Therefore, when referring to a particular 
configuration, such as D or L, it is to be understood to mean 
the stereoisomer, including all possible enantiomers and 
diastereomers. The compounds of the present invention are 
directed to all of the optical isomers, i.e., the compounds of 
the present invention are either the L-stereoisomer or the 
D-stereoisomer . These stereoisomers may be found in mixtures 
of the L and D stereoisomer, e.g., racemic mixtures. The D 


stereoisomer is preferred. 

Depending upon the substituents, the present 
compounds may form addition salts as well. All of these forms 
are contemplated to be within the scope of this invention 
including mixtures of the stereoisomeric forms. 


The following three schemes of preparation are 

generally exemplary of - the process which can be employed for 

on t ^ ie P re P a ration of the present complex. i. .. 

. . , Although the compounds 

xn the schemes hereinabove contain only the^C moiety it is ^ 

■ just as applicable to compounds 

35 j Formula X wherein either A or Q 
j are sulfur. 


of 

is sulfur or both A or Q 
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Scheme 
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Scheme tt 
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1 • HOCC-C-NH-CIl 1 
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o 
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ClCOR, 
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0 ,n n i-j ° 
R JL ^ > l:oc-c-mi-cR 1 

R_ 
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R.17 = lower alkvl 

y ' aiy1 ' a ryl lower alkyl 
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Scheine III 
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r, 1,11 

R, CCOII 
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K.CHII-C-COII 
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-rv^ 


■PW? 


o 

_ II I -t'll 
R 1 CHII-C— CKIIR 

U 2 


KMIJ. 




with’ or 

without catalyst 
(i.e. , m'cn-) 


r 17 oii/ii 


9 OR o 

„ II 1 17|| 

KjCNH-C — COR 1? 

V 


n 3 n 

Lewis acid, such as OF * o(Et) 

3 2 


* 9 n,o 

RjCHIi-c-CKlin 

K 


hereinabove! heter °* r ° matic lj 7 is as defined 

* :r, c — ds «- - — .< 

preparable in termedia t.s . .. For inatalca C °'" P °'' ndS ° r rM<,il V 

I car. be prepared by reactine ’ =“»PO»»<I. o£ Formul 

„ , y renc *-ing amines of Formula II win, „ 

acylatrng derivative of a carboxylic acid o£ r . 
under amide forming conditions: Ula 111 


o 

n 


R. 

r 


RNH f C ’ -C - Nil 

\ 

U 3 

- II - 


h II 


n 


II 


O 

II 

Rj^-c-oii 


III 


I 


wherein R, R . r „ 

1' 2 ' U 3 and os defined herein 


above and n = 1 


Oy 
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The amide forming conditions referred to herein 
involve the use of known derivatives of the described acids, 
such as the acyl halides, (e.g. ,^R, -C-X, 

1 " i 

O J 

wherein X is Cl, Br and the like) , anhydrides 


r 


o 

>1 


(e.g., R^-C-O-C-R^ ) , mixed anhydrides, lower alkyl esters, 
carbodiimides, car^onyldiimidazoles, and the like. i_ 


It is 


preferred that the acylating derivative used is the 


. r S S . 

anhydride, R^-C-O-C-R^ When alkyl esters are employed, amide 
bond formation can be catalyzed by metal cyanides such as 
sodium or potassium cyanides. 

Another exemplary procedure for preparing compounds 
wherein at least one of R2 and R^ is aromatic or heteroaromatic 
is depicted in Scheme IV. 

The ester (IV) is reacted with halogen and 
ultraviolet light in the presence of a catalyst, e.g., AIBN, to 
form the halo derivative (V). (V) is reacted in the presence 

of a Lewis acid, such as zinc chloride, with an aromatic or 
heteroaromatic compound to form the compound (VI). (VI) in 
turn is hydrolyzed and then reacted with alkylhalof ormate , such 
as alky lchlorof ormate in the presence of a tertiary amine to 
generate the mixed N-acyl amino acid carbonic ester anhydride 
(VIII). This intermediate is reacted with an amine under amide 
forming conditions to give the compound of Formula I. 
Alternatively, (VI) can be reacted directly with an amine 
(RNH 2 ) optionally in the presence of a metal catalyst, such as 
metal cyanides, e.g., potassium or sodium cyanide, under amide 
forming conditions to form a compound of Formula I. 
Alternatively, compound VIII can be prepared by an independent 
method and converted to VI which is then reacted with an amine, 
with or without catalyst to form the compound of Formula I. 



Scheme I V~ ' 
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Lewis Acid 


r 2 h 



X= halogen (i.e., d , Br ) 

R = lower alkyl, aryl, arly lower alkyl 


M+=metal cation (i.e., Na , K ) 
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Two additional synthetic routes may be employed for 
the preparation of compounds wherein 1*2 or R 3 is Z-Y as defined 
hereinabove. In one scheme, for the preparation of these 
complexes, a substitution reaction is used: 

Scheme V 
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H R 3 H O 

rI-C-C-I - i-R 1 

O OR g 
IX 


BDr 3 

a »2 cl 2 > 


H O R, H 
R& . - fc - C - i 


O 


lr 


- 4 


R. 


15 


20 


excess HRj or MR 2 
THF ( -78°C) 

=> 

or compound of Formula I , 

1) Et 3 N 

2) HR-, 

THF ( -78°C) 


25 v 


30 


In the above scheme, R g is lower alkyl, R 2 is Z-Y and 
Z, Y, R, R 3 and are as defined hereinabove. 

The ether functionality on IX can be cleaved by 
treatment with Lewis acids, such as BBr 3 in an inert solvent 
such as methylene chloride to form the corresponding halo 
(bromo) derivative. Addition of either an excess of the H-R 2 
or MR 2 or the sequential addition of triethylamine and H-R 3 to 
a THF mixture containing the halo derivative furnishes the 
desired product. For example, in the case wherein the 
compound of Formula IX is 2-acetamido-N-benzyl-2-ethoxy 
acetamide, its treatment with BBr 3 in led to the 


35 
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formation of the a-bromo derivative, 2-acetamido-N- 
benzyl— 2-bromoacetamide . Addition of an excess of HR 2 or the 
sequential addition of I1R 2 to a THF mixture containing the 
bromo adduct furnishes the desired product. 

In another procedure, the product wherein R 2 or R^ is 
Z-Y can also be prepared by substitution reaction on a 
< 3 ua ^- erna ry ammonium derivative of the compound of Formula I as 
outlined below 


10 

—a'te'c. 


Scheme VI 


II 

RN 


n 


R 


10 



H 

A - 



(CH 3 ) 3 0 BF 4 - 




CH 3 ho 2 


15 


20 



X 


excess 



desired product 
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In scheme VI, R, R^ , R 3 and R are as defined 
hereinabove , R 2 is Z— Y and R^ and R^g are independently lower 
alkyl. In scheme VI, methylation of compound X with a 
methylation reagent, such as trimethyloxonium tetraf luoroborate 
provided the corresponding ammonium derivative. Subsequent 
treatment of the ammonium salt with HR 2 furnishes the desired 
product. For example, methylation of 


35 
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15 


20 


ttimoth"'^' 30 N . benzv:l ~ 2 t N * N -dime thy lamino ) acetamide with 

the auat X ° nl ™ borate in nitromethane furnished 

ne quaternary ammonium derivative, 

tetraflu b enzyl (N,N,N- trimethylammonium) acetamide 

3 1 ° r r e ln hi9h yieldE ‘ Subsequent treatment of the 

salt with the HR, reagent in the methanol !eads to the 
Production of the desired, product. 

such as metharm^eth^T^^ zea ^^>TT. sbOvenEs -can Be employed 

dioxane, di^thyifL! a Pr ° Pan01 ' aCet °" e ' t.tr.hydro,«r.n, 

the li k ;. The react ' dichl — ^ne. chloroform, and 

temperature IlthouoiTt " eff * ct « 1 at ° r — room 

^ ure, although temperatures from 0»c un i-o 
temperature of the reant- m u c up to the reflux 

reaction mixture can be employed. 

can be ef fected^rth" ■ the araide forming reaction 

organic amine, e g triethvl 06 ' ° f 3 h 3 *®’ SU ® h ** tartiary 
4-mohVn 1 g *' triGthylamine r pyridine, 

me thylmorpholine , picolines and the like M rr n 

hydrogen halide is formed by the amide f ' ■ P rtlcularly uhe re 

the reaction acyl halide anl the 9 reaction ' e.g., 

. thiG amine of Foirmula tt o-f 

any^of the commonly used hy^ n h S n .^ r i’ 0 ^^ 


■LHC e/tdUl 


25 


reaction will varv den , W1S em *> lo y ed i" the 

temperature required for th! 9iV3n tta "= £ — tion. the 

the reagent toward the acid ^ ^ Eensiti ' ,ity ° f 

id m the reaction employed. 


Compounds of the present invention in which Q or 
A is S are prepared from the corresponding compounds in 
-• which Q or A is O by art recognized techniques. For 
30 example, one reagent that can be used is Lawesson's reagent 

i*®/ [ 2 , 4-bis- ( 4-methoxyphenyl) - 1 , 3-dithia-2 , 4- 

diphosphetane-2-, 4-disulfide]. This reagent is a known 
reagent for the thiation of such compounds as ketones, 
carboxamides, esters, lactones, lactams, imides, enamines. 


35 
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and S-substituted thioesters. 


XliUO f 




used to transform compounds of Formula I wherein Q or A is 

o to compounds wherein one or both of o or A is s The 
number of fc orn,mo ^ ... s ' 1116 


, c or o or A is s 

number of tc g roups in the final product is dependent^ 

S _> 

j thE a ” OUnt ° f rea9Snt added and number of ft groups 

10 | ^- e p ' thS VaIUE ° f »> - the reactants''having 

Formula I. Fo r example, if n is 1 , and both Q and A are 

xygen, than the compounds of Formula I have two^C groups. 

II * 


THAI 1 

riftbis 


x z/h* I 


<i 

Thus, if i t is desired that both r d groups be trans ^ ormed to 

I then aPPrOXimat ely equimolar amount or a slight excess of 
s 


20 


" 711 ^ 


■ : 25 


30 

xv\^ 


J 

is added to compounds of Formula I. on the other hand, if 
! ° nly °" grOUp is desired in the final product, 

! s _i 

| then approximately } molar equivalent of Lawesson's reagent is us, 

t reagent td 

be edded at any stage of ^he rea9ent can 

I r the syntheses outlined in Schemes 

r I "VI hereinabove. As before* <-v.^ 

j oerore , the amount of the reagent 

added depends upon the number ofX des , . 

c desired in the product, and th 

number of ft groups in the ^ 

Oi 


reactant. 
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Regardless of which step in the synthesis the 
gent is added, the reagent and the compound of Formula I 
mg at least onefc group or an intermediate thereof is 

°_i 

dissolved xn an inert solvent, such as THF and heated at a 
emperature effective to convert thefc group to a fc 

°l S J 


10 Tem P eratures ranging from room temperature to the reflux 
temperature of the solvent can be used. in cases when 
; n - 1, it is preferred that the reaction is heated to about 
reflux if both Q and A are converted to S and that about 

room temperature be used if one of Q or A is converted to 

s. 

The various substituents on the present new 


15 


compounds, e.g., as defined in R, 


V 


R 2 and can be present 


in the starting compounds, added to any one of "the 
intermediates or added after formation of the final products by 
the known methods of substitution or conversion reactions. For 
20 example, the nitro groups can be added to the aromatic ring by 
nitration and the nitro group converted to other groups, such 

group' L 2ncl b repr UC:ti0n ' 31,4 hal ° ** dia2 ° tlzati °n °£ the amino 

be substLuS TV' thS 41320 9rOUP ‘ Alkan ° yl S-ups =™ 
: 2 i; substituted onto the aryl groups by Friedel-Craf ts 

' Th ° acyl 9r ° ups can be then transformed to the 

Woff-Kishn* 119 9r ° UpS by various methods, including the 

can be alkvl ” UCtl ° n and C1 “ nson reduction. Amino groups 

groups', ind f ° rm m ° n °' dialkylam rno and trialkylamino 

groups, and mercapto and' hydroxy groups can be alkylated to 



1 




10 


15 


° d r . ethers - «spectively. Primary 

t o .« c arb o X ;::i:r:: * ~ known in the art 

i:: e :i t ::r- ed to £orm — - b ;:n::r:r :™ s 

reactions can be employed to provide 
substituents t Provide a variety of 
• ents throughout the molecule of the ^ - 

■' • Lnt ermediates , or the final product. 9 materia1 ' 

! themseive, 1 " ^ reaCClons ' if the substituents 

i are reac tive, then the substituent" can t-h 

va.iet tSC f Sd aCCOrd1 " 9 t0 the techniques *no„n“ in the " 

•Exan,plL 0 of P ^ £ y C of n th 9r0,,PS k " OUn ^ the art may be 

1 "Protective ° £ . theSe P ° SSible groups „ay be found in 

tective Groups in Organic Synthesis," by T w Green , , 
Wiley & Sons, 1981. Y I,W * Greene * John 
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1 Resulting mixtures of isomers can be separated in the 

pure isomers by methods known to one skilled in the art, e.g., 
by fractxonal distillation, crystallization and/or 
chromotagraphy. 

5 The present compounds obviously exist in 

stereoisomeric forms and the products obtained thus can be 
mixtures of the isomers, which can be resolved. Optically pure 
functionalized amino acid derivatives can be prepared directly 
from the corresponding pure chiral intermediate. Racemic 
10 products can likewise be resolved into the optical antipodes, 
for example, by separation of diastereomeric salts thereof, 

e.g., by fractional crystallization, by selective enzymatic 
hydrolysis, e.g., papain digestion, or by use of a chiral 
stationary phase in chromotagraphy (HPLC). For a discussion of 
15 chiral stationary phases for HPLC, See, DeCamp, Chirality . 1, 
2-6 (1989), which is incorporated herein by reference with the 
same force and effect as if fully set forth herein. 
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For example, a racemic mixture of any of the 
intermediate in any of the schemes, e.g.. 



C - COR 17 wherein R 17 is H 

R ’ _1 


(which can be prepared according to the procedures of Schemes 
1, 2, 3 or 4) is reacted with an optically active amine, RNH^, 
e.g. , (R) ( +)ci-methylbenzylamine to form a pair of 
diasteroomeric salts. Dias ter corners can then be separated by 
recognized technigues known in the art, such as fractional 
recrystallization and the like. 


35 
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10 


n another method, a racemic mixture of final 
product's or intermediates can be resolved by using enzymatic 
methods. Since enzymes are chiral molecules, it can be used to 
separate the racemic modification, since it will preferentially 
ct on one of the compounds, without affecting the enantiomer. 
For example, acylase, such as acylase I, can be used to 
separate the racemic modification of an intermediate 
D,L(+)a-acetamido-2-furanacetic acid. It acts on the L 
(±>a-acetamido-2-furanacetic acid, but will not act on the D 
enantiomer. In this way, the D(-)a-acetamido-2-furanacetic~ 
acid can be isolated. The intermediate can then react with the 
amine (RHH 2 ) under amide forming conditions as described 
hereinabove to form teh compound of Formula I. 
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The active ingredients of the therapeutic 
compositions and the compounds of the present invention 
exhibit excellent anticonvulsant activity when administered 
in amounts ranging from about 10 mg to about 100 mg per 
kilogram of body weight per' day. A preferred^ dosage regimen 
for optimum results would be from about 20 mg to about 50 mg 
per kilogram of body weight per day, and such dosage units 
are employed that a total of from about 1.0 gram to about 3.0 
grams of the active compound for a subject of about 70 kg of 
-body weight are administered in a 24-hour period. This 
dosage regimen may be adjusted to provide the optimum 
therapeutic response and is preferably administered one to 
three times a day in dosages of about 600 mg per 
administration. For example, several divided doses may be 
'administered daily or the dose may be proportionally reduced 
as indicated by the exigencies of the therapeutic situation. 

A decided practical advantage is that the active compound may 
be administered in an convenient manner such as by the oral, 
intraveneous (where water soluble) , intramuscular or 
subcutaneous routes . 

The active compound may be orally administered, for 
example, with an inert diluent or with an assimilable edible 
carrier, or it may be enclosed in hard or soft shell gelatin 
capsule, or it may be compressed into tablets, or it may be 
incorporated directly with the food of the diet. For oral 
therapeutic administration, the active compound may be 




incorporated with excipients and used in the form of ingestible 
tablets, buccal tablets, troches, capsules, elixirs, 

spensions, syrups, wafers, and the like. Such compositions 
and preparations should contain at least 1% of active compound. 

e percentage of the compositions and preparations may, of 
course, be varied and may conviently be between about 5 to 
about 80 « of the weight of the unit. The amount of active 
compound in such therapeutically useful compositions is such 
that a suitable dosage will be obtained. Preferred 
compositions or preparations according to the present invention 
are prepared so that an oral dosage unit form contains between 
about 5 and lOOOmg of active compound. 

The tablets, troches, pills, capsules and the like 
may also contain the following: A binder such as gum 

tragacanth, acacia, corn starch or gelatin; excipients such as 
dicalcium phosphate; a disintergrating agent such as corn 
starch, potato starch, alginic acid and the liek; a lubrican 
such as magnesium stearate; and a sweetening agent such as 
sucrose, lactose or saccharin mauy be added or a flavoring 
agent such as peppermint, oil of wintergreen, or cherry 
flavoring. When the dosage unit form is a capsule, it may 
contain, in addition to materials of the above type, a liquid 
carrier. Various other materials may be present as coatings or 
to otherwise modify the physical form of the dosage unit. For 
instance, tablets, pills, or capsules may be coated with 
shellac, sugar or both. A syrup or elixir may contain the 
acitve compound, sucrose as a sweetening agent, methyl and 
propylparabens as preservatives, a dye and flavoring such as 
cherry or orange flavor. Of course, any material used in 
preparing any dosage unit form should be pharmaceutically 
and substantially non- toxic in the amounts employed. In 
addition, the active compound may be incorporated into 


pure 
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3nd For example , 

active ingredient is ^L^ancr^T 13 ' 1 *' 1 “ herein **“ 

optionally can hr> exchange resin which, 

/ can be coated wi hh a 

modify the release „ diffusion barrier coating to 

e release properties of the resin. 
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, ,y h ° ° ctlvo CTOpound may also be administered 

pipe Id ' r Dispersions can also be 

mlltlll " ’ lycer01 - Polyethylene glycols, and 

stlrln T” 0 * a " d ^ ° ilS ' Under “«»«!' condition, of 

prevent I, “ Se ' tl,OSe pre P arati °'» contain a preservative to 
prevent the growth of microorganisms. 

use ine, ^ Phar, " a ' :aati <= a l forms suitable for injectable 
use delude sterile ao.ueous solutions (where water soluble, 

prepara 10n f Gterj -le powders for the extemporaneous 

in 11T =t ° rile in3e = table solutions or dispersions. 

cases the form must be sterile and must be fluid to 

underwrite ^ ^ * yrin ** bili * I* -st be stable 

under the condrtrons of manufacture and storage and must be 

pro erved against the contaminating action of microorganisms 
such as bacteria and fungi. The carrier „„ be . solvent or 

di persron medium containing, for example, water, etbanol. 

• uol M I° r eXOmple ' glycel:o1 - propylene glycol, and liquid 
polyethylene glycol, and the like), suitable mixtures 
.ereof, and vegetable oils. Ih . prop . r fi uidity C£m ba 

maintarned for example, by the use of a coating such as 
■ bcithrn, by the maintenance of the required particle size in 
ie case of drspersion and by the use of surfactants. The 
preventron of the action of microorganisms can be brought 
out by various antibacterial and antifungal agents, for 
example, parabens, chlorobu tanol , phenol, sorbic acid, 
thnr.nrosal , and the like. I„ many cases, it will be 
preferable to include isotonic agents, for example, sugars or 
sodrum chloride. Prolonged absorption of the ilje^abL 
compositions can be brought about by the use in the 
compositions of agents delaying absorption, for example, 
aluminum mcnosteara te and gelatin. 
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solutions are prepared by 

incorporating the active compound in the required amount in 
the appropriate solvent uith various of the other ingredients 
enumerated above, as required, followed by filtered 
sterilisation. Generally, dispersions are prepared by 
incorporating the various sterilized active ingredient into a 
eii e vehicle which contains the basic dispersion medium 
the other ingredients from those enumerated 

ovo m the ease of sterile powders for the preparation of 
n e injectable solutions, the preferred methods of 
preparation are vacuum drying and the freeze-drying technique 

. C ’ yie d a P° vder ° £ the active ingredient plus any 
additional desired ingredient from previously sterile- 
filtered solution thereof. 

As used herein, "pharmaceutically acceptable 
carrier" includes any and all solvents, dispersion media, 
coatings, antibacterial and antifungal agents, isotonic and 
a sorption oelayir.g agents, and the like. The use of such 
media and agents for pharmaceutical active substances is well 
known .in. the art. Except insofar as any conventional media 
• or agent .is incompatible with the active ingredient, its use 
in the therapeutic compositions is contemplated. 

Supplementary active ingredients can also be incorporated 
into the compositions. 

It is especially advantageous to formulate 
parenteral compositions in dosage unit form for, ease of 
administration and uniformity of dosage. Dosage unit form as 
used herein refers to physically discrete units suited as 
unitary dosages for the mammalian subjects to be treated; 
each unit containing a predetermined quantity of active 
material calculated to produce the desired therapeutic effect 
m association with the required pharmaceutical carrier. The 
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specification for the novel dosage unit forms of the 
invention arc dictated by and directly dependent on (a) tic 
unique characteristics of the active material and the 
particular therapeutic effect to be achieved, and (b) the 
limitations inherent in the art of compounding such c.n 
material for the treatment of disease in living subjects 
having a diseased condition in v:hich bodily health is 

impaired as herein disclosed in detail. 

The principal active ingredient is compounded for 
convenient and effective administration in effective amounts 
/ith a suitable pharmaceutically acceptable earner in os g 

• . i f T-m rTiTl . 


V/ 


unit form as hereinbefore disclosed. A unit dosage form can. 

for example, contain the principal active compound in a™™" 

ranging from about 5 to about 1000 mg. with from about 250 to 
about 150 mg being preferred. Expressed in proportrons, 
active compound is generally present in fiom about 
about 150 mg/ml of carrier. In the case of compositions 

. active inqredients, the dosages ai e 

containing supplementary active my 

' , i _ * i c 1 1 1 rlose and manner oi 

determined by reference to the usual dose 

administration of the said ingredients. 

The compounds of the present invention 
may be administered in combination with other anti-convulsant 
agents , such as phenytoin, phenbarbitol , mephenytoin , 
and phenacemide, and the like. This combination 
is likely to exhibit synergistic effects. 

. For a batter understanding of the present invention 
together with other end further objects, reference is made to 
the following description and examples. 



, , ^iSi^iJlGLhods. MelLinrr 

determined with a Thomas-i. Points were 

and are —corrected. Infr^T ' neltlng poInt apparatus 

a Beckman IR-42SO and Perking, <In > *« run on 

spectrophotometers and mer 1330 and 283 

l>and of polysytrene. Ab’ioLni^^ a9ains<: tl,e 1601-cm'l 

wavenumbers . {cm -l,_ *•!«•. are expressed in 

(1 " """> spectra were r " a9n * M = -sonance 
Models T-GO and FT- 80 A G „„ , ° n Varlan Associates 

MXsoiet NT-300 NMR spectre !t 0E 3 °°- ""d 

Magnetic resonance (13 c „ eiS ‘ Carb °" nuclear 
Varian Associates Models FT-olrT” ^ a 

and Nioolet NT-300 instrument T" EleCtri = OB 300 

Parts p er million {c values) ' , " Cal shift ® are in 

-spline eonstants l "•<«• and 

spectral data were obtained « In ?*“*• ” aSS 
eV ° n a Hewlett-Packard 5930 aa s 3 ° nUing v °ltage of 70 
spectrometer and a Bell-, IO wel nx!a 9 r r ,t ' 9r * Ph """ 
e11 as at the Eli Lilly Lai spectrometer as 

MAT-cn- 5 . spectrometer y ,a a at ° CieS * V « 3a " 

spectra were performed * * <« mode, mass 
C,,3nn at the bepartment If ‘ f " Uds °" "nd John • 
Texas at Austin, on a ckL iT****' UBtva « 1 ^ ‘ 

Magnetic-sector spectrometer at' le ‘ f ° cuai n9 
analyses w ere obtained at Sn Elemental 

-Laboratories, Eagle harbor! Tan^T"^ 61 " 31 
Research Laboratories. the Eli L illy 

Tlie solvents and reactanhe 
commercial grade available a ° £ th ° bast 

Purification unless noted. “j”? “” d “ ltb - b further 
sun under nitrogen, and all gl a \ll ° US reacti °"s were 
nse. In particular, acetonilrl! “ aS baf °« 

distilled from Can 2 , while dichl” ^ trlethyla Mine were 

P 3 ° 5 - anhydride b e: r T thane '““m-d 

chloroforma te were fractionary ZllTlZT. *"* 
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H££ H£Lrnt:ion of N-a — .■ ■■■, . 

(11 mmol) wasdTssolved in i • ^ ° ° r L “ amino acid amide 

acetic anhydride ( 1.23 g J lcl,lo ^ethane (15 mL) and then 
dropwise . The solution ^as ,1^' “ ™'° 1) ***** 

(10 h) and then concentrated tl^ 6 " 1 ** r °° n ' tem P erature 
recrystallized from chiorofo /» ryneSS * The residue was 
‘"“■"Pleo „ ece p«p;° r •' !ane - The following 

PcepareO occocding to this pcocedt^e. .. 


10 


15 • 


20 


25 . 
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15 


20 


EXAMPLE 1 

Prepa rati on of N-Acpi vi ?•« T 

: Aoety 3 .-° , L ^aj^anj j^e-N ' -benzvlami de 

Acetic anhydride f 2 ?n „ I 

added to i m 4 -h -i * 9» 0.022 mol) was slov/ly 

60 to 3 methylene chloride so i„f , 

D x, solution (30 mL) of 

/ alanine-N-benzylamide (3 Rn 

stir at room 4 - * 9* 0.021 mol) and allowed tc 

r at room temperature (3 h) Tha - . 

sively washed with II o ( i 5 ‘ , . miXture was then succes 

" 2 ° «15 mL) . dried so a L ’: “ <15 ml., and 

The 2 4 d conc entrated in vacuo. 

e residue was racrv^fai t i _ . _ ■— ■ 

v . ^ recry stallized from Cl! ,C1 . 

Vield: 2.50 g (54%) . 2 2 

m P 139-141 °C. 

H NMR (DMSO-d ) • A 1 o~> i o -r 

— .5o 6 i m .^; r: i ; b i -r J ,s ' w * 

1m _ ' 3il) < o.ll (br d , J = 7 3 Hz 

III . R_n a . , / . j nz , 


13 


1H) ' °* 42 <br t,J = 6 Hz, Hi) . 


C NMR (DMSO-d,):' 18 2 2 2/5 . . „ 

120 1 no 6 / ,11 ’ ' A1 ' S ' AB - 2 ' 110.5, 126.9. 

•^28.1, 139.4 , 168.9, 172.4 ppm . 

IR (CI1C1 3 ) 3440, 3300, 3005, 1660, 1515 cm" 1 

Mass spectrum (Cl mode), m/e: 221 ( P+ i ); ^ wt 22Q 1208 

(Calculated for 220.1212). 8 
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10 


15 


EXAHPr.F 7 

d ' 1 *36 g (56%) . 

mp 139-141 °c. 

I* 1 ” - «*!* ( c 2 . 5 , „e OII) . 

" NM 3 „ 1 ,8 °/ m2 ' DHS0-d 6 ) s 6 1 . 25 (d.J . 
). f-10-4.50 (m, 1H). 4.30 <d,J 
«=. 5„). 8.09 (d, J , ,.3 „ z , ln) _ 

l3C ^‘n 0 M " 2 ' DMS °-V‘ 18 - 3 - 22-5, 

(2C) ' 128 -2 ( 2C) , 139.4, 169 

1R (KBr) : 3290 lfi-ic . 

2y0/ 1635 < br > ♦ 1540, 1455, 

SPe ' tr “"' ‘relative intensity) 

106 M0) - 91 18°). 87 1100), 77 (5 

Elemental analysis 

Calculated for C^,, „ o 2 65 . 421 . 

Found z 

65.31% < 


20 


25 > 


30 


7 * 1 I! z , 3H) , 1.86 (s, 
= 6.0 Hz, 2H) , 7.26 
3 -40 (t,J = 6.0 Hz, 

42.0, 48.4, 126.6, 

2, 172.5 ppm. 

700, 695 cm -1 . 

221 (30) , H4 (20) , 

' 72 (20) , 65 (5) . 

; 7.34% H; 12.72% N. 

; 7.28% H; 12.63% N. 


35 



1 
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15 


EXAI-IPLK -a 

Yield: i n '. i <3 e . 

l.il g (46%). — 

m P 139-142 °c 
[^',23 

1 D ~ 3 5.3 ( c 2.5, MeOin 
II NMI? ion .... ' Me0, H • 


10 13 


"""* anso-a r 

3 ">- 26-<l . 35 (m f ; - 7 ‘ 7 »*. 3,.,. 1.86 

7 - 2 2-7.33 (s, SH), 8 10 Id 7 - " 5-8 ” 2 - 2n) ' 

5 ‘ 8 »*. 111 ). ,J ‘ 7 ' 4 »==. HI), 8.42 (t,J = 

C NTO (00 MHz, DMSO . d , . 

122.0 (2C), 128.3 -f 2 C> i„\ ' 42 '°- 48 -' 1 - 126-7, 

:Br, ‘ . 32S °' 1635 <br ) . Kie" ,'.“ 9 ’ 2 ' I "' 6 P^; 


20 


IR ««r U 3290. 1635 ,br, 1S “. 169 ’ 2 - 172 ' 6 «*-• 

MaSS m/e (relati ^ 115 °- 700. 695 OT -1. 

706 < 8 °>. 106 , 80 ). 9 i |7S) 221 114 140) 

65 15). 5) , 87 .(l 00)> 77 (5) _ ^ 

Elemental analysis 

Calculated for C n „ „ 

“ 1«^°2 65 - 427 Cl 7.34* 12 , 2l „ 

65 - 5 ^ C; 7.32% 12 . 43% n ; 


25 


30 


35 


1 


c; 


10 


15 


20 


25 


30 
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EXAMPLK 4 

Preparation of N-Acetyl-p . L-phenvl gl 


ny lq lvc ine-N ' -me thy 1 amide , 


Acetic anhydride (2.90 g, 28 mmol) was added 
dropwj.se to D, L-pheny lgl yc i n e-N-me thylamide (3.4 g, 20 mmol) 
and allowed to stir at room temperature (1.5 h) . During this 
ime , a copious white precipitate formed. This material was 
collected by filtration, dried iri vacuo and recrystallized 
from absolute alcohol. 

Yield : 2 .00 g (49%) . 

m P 232—235 °C (dec) . 

1,1 NM K-(DMSO-d 6 ) 8 S 1.89 (s, 3H), 2.58 (d,J = 4.6 Hz, 31!), 

5.42 (d,J = 8.1 Hz, 1H), 7.35 (s, 5H) , 8.18 (br q,J = 


13 


4.2 Hz, 1H), 8.47 (d,J = 8.1 Hz, 1H) . 


C NMR ( DMSO-d ^ ) : 
6 


139.0, 168.9, 170.3 ppm . 
IR ( KBr ) : 3310, 1645 cm -1 . 

Mass spectrum (Cl mode) , m/e: 
Elemental analysis 

. Calculated for C i 1 11 14 N 2C ) 2 
Found 


22.4, 25.5, 56.3, 127.1, 127.3, 128.1, 


207 (P+1). 

64.06% C; 6.86% H; 13.58% N, 
63.79% C; 6.66% 11; 13.27% N, 


35 
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15 


20 


EXAMPLE 5 

Preparation of w- Acetyioi yri^ „ . 

~~ y C - V ycxne N-h g nzylamidP . 

aichloromet„ane' diSS ° 1Ved in 

^ mt, „ was « -c -ydride fl . 2 , 

= t lr r ed at root temperature , 4-0 h, and t, °" ““ 

-Jryneas. The residue was recryst. , V COnCentrated to 
hexane. lrzed from chloroform/ 

Yield: 1.84 g (81%). 

nip 1 4 0 — 14 2 °C . 

X| I NMR. (DMSO-d ) : 5 1.88 (s, 3 H) 37 ,.,, 

4.30 (d,J = 5.1 „ z 2111 7 on = 5 * 3 HZ ' 2H) ' 

l3 8.75 (br s, in). " (S ' 5H) ' 8 * 37 {br s » 1J1 ), 

C (DMSO-d-) : 225 42 n a -> 

(Kor,: 3°00, 1655. 4040. 1560. 1545. 4400. 13 „0. , 40 ., 7 1 „ 

Hass spectrum, m/e (relative intensity): 706 m ,, 

106 (100), 91 (75), 73 (50). ' ^ 12) ' 

Elemental' Analysis 

64 .05% C; 6.86% II; 13.58% N. 


Calculated for C H n_o 
F ound 11 14 2 2 


64.03% C; 6.79% H; 13.61% N 


25 


30 



1 


5 


10 


15 


20 


25 
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EXAMPLE 6 


^ reparation of n Acetyl-D ,L - vnline-N-benzylamide . 

, . ThS D ' L " an,ino acid amide (11 mmol) was dissolved in 

oiomethane (15mL) and then acetic anhydride (1.23 g, 

-40 mL, 12 mmol) was added dropwise. The solution was 

rooni temperature (4-6 h) and then concentrated to 
ryness. The residue was recrystallized from chloroform/ 


Yield: 2 . 35 g (86%) . ' 

mp 19 2 — 193 °C . 

1,1 NMR -<™SO-d 6 ): 5 0.83 (d , J = 6.7 Hz. 6H) . 1.87 (s. 311) , 

1.73 2.09 (m, 1H) , 4.11 (d,J = 8.8 Hz, 1H) , 4.27 (d,J = 

5.8 Hz, zH) , 7.26 (s, 5H) , 7.89 (d,J = 8.8 Hz, 1H) , 8.84 

(t, J = 5.8 Hz, 1H) . 

18.1, 19.2, 22.4, 30.2, 41.9, 57.8, 


13 


C NMR (DMSO-d,.) : 
6 


126 - 6 - 127 - 1 ‘2C>, 128.1 (2C). 139.4, 169.2. 171.1 ppm. 

KBr) : 1625, 1540, 1535, 1450, 1380, 1290, 750, 695 cm -1 

Mass spectrum, m/e (relative intensity): 142 (16). 114 (43) 

. 106 (29) , 91 (57) , 72 (100) . 

Elemental analysis 


Calculated for c 1 4 H 2 o f5 2 0 2 
Found 


67.70% C; 8.13% H; 11.28% N. 
67.58% C; 8.05% II; 11.10% N. 


30 
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EXAMPLE 7 


P reparation of N Ace tyl-D , L-ph e nylqi ycine-N-benzy lamide . 

The D,L amino acid amide (11 mmol) was dissolved in 
dichloromethane (15mL) and then acetic anhydride (1.23 g, 

1.40 mL, 12 mmol) was added dropwise. The solution was 
stirred at room’ temperature (4-6 h) and then concentrated to 

dryness. The residue was recrystallized from chloroform/ 
hexane . 

Yield: 2.05 g (66%) . ' 

mp 202-203°C. 

1,1 KHR ' (DMSO-a. 6 ): « 1.91 <s. .311), 4.27 (d.J - 5.6 Hz, 211), 

5.50 (d.J - 7.9 Hz, 1H), 7.21 (s, 511), 7.36 (s, 511). 

8.38-8.86 (m, 211) . 


13 


C NMR (DMSO— dg) : 22.3, 42.0, 56.3, 126.6 (2C), 127.0, 


127.1 ( 2 C ) 

, 12 

7 . 4 

(2C) , 

128.1 

(2C) , 

169.9 ppm . 






IR (KBr) : 3020 

, 16 

35, 

1580 , 

1540 , 

1450 , 

Mass spectrum. 

m/e 

( re 

lative 

inten 

sity) : 

■ 149 (100) , 

131 

(2 

0) , 118 

(34) 

, 106 

(56) , 77 ( 

54) , 

65 

(45) , 

51 (3 

7) . 

Elemental analy 

sis 





Calculated 

for 

C 1 

7 11 18 H 2° 

2 72 

.31% C 

Found 




72 

.49% C 


-1 


5.44% H; -9.9 2% N. 
72.49% C; 6.47% H ; 9.89% N. 



10 


15 


20 


Preparation of ' . _ 

and I.-phenylglycine-N-benzy lnmiHo 

G — - £ ral Pr ocedure. The chiral Doc-protected 
al!7 0 or,'r N ' b ° n2ylamidG WaB diSC ° 1Ved in ‘rifluoroactic 

durint, wl • J °" d stlrrad at room temperature (30 min), 

* r SVOlVed - ThG SOlUti °" “• concentrated 

to for a " tE resldue " as redissolved in enough methanol 

„ 7 Li: :° 1Uti ° n ° £ °- 2 “• -“—Ifonic acid <1 eguiv, 
ad ded dropwise and stirred for 5 min. After 

concentrating, the solution in vacuo, the residue was 

repeatedly dissolved in methanol and the solvent was removed 

lines) . The residue was then dried under vacuum (18 h) , 

leaving a yellow oil. 

Without further purification, the pheny lglycine-N- 
benzylamrde methanesulfonate vac dissolved in te trahydrof uran 
0.2 M) and then was cooled in an ice bath. Triethy lamine 
equiv) was added dropwise, followed by acetyl chloride 
equiv) The ice bath was removed and stirring was 
continued at room temperature (18 h) . The solution was 

rr;:r;r and the resid - «« -0^11^ from 

^ thflnol /watpr rr> . , _ 

Examples 8 and 9 were prepared 

according to this procedure. 


25 


30 


35 



1 


5 


10 


15 



Y ie ia= 2 .ir g r ;:::;: n was run on an “- 9 ram ° i scaie - 

mp 219-221 °c. 

I^'d = -103.0 (c 1 %, Eton). 

"^.SoT' 6 ! 1 / 1 - 91 U ' 3 " 1 - <^- 5 . 5 .U. 211} , 

2-0 IH, ’ill) 8 7 r(t 1 j > ' 7 ' 14 ' 7 -' 14 (m> 10n) ' 8-56 (d,J 
13 C NH. (DMSO-d 22 4 2 = „ 5 ' 5 " 2 ' "" ’ 

127 2 (?r\ 6 * * 2 *°' 56 * 4 ' 126 * 7 ' 127.0 (2C), 

i27 - 9 ->■ »«. 

”‘“ rl: 3260 ' 162 °- 1525 ' 1«0, 1370. 7 20, 690 cm -l 

Mass spectrum, „/e (relative intensity,: 203 ,2, T„ 9 \, 41 

(100), 9! (32), 86 ,43,. 7, u 4) . ‘ “* ' 94 ’ 

Elemental analysis 

Calculated for* C H m n „ 

Found 17 ! 18 N 2°2 72- 32% C; 6.43% H; 5.92% N. 

72.04% C; 6.22% H; 9.78% N. 
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• j 


10 


15 . 


20 . 


EXAttPT.F Q 
Beginninq wit^Ji "} r % 

N-benzylamide . * mmo1 N “ t-Boc-L-pheny lg lycine- 

Yle ld : 2.99 g (66%). 

mp 22 l- 222 °C. ' 

* +105 -1 (c 1%, Eton). 

H NMR (DMSO-d c ) : 5 I gq / 

5 .6o M<J . a. 0 ^ "’„:; 3 5 Vt' J - 5 - 6 ,,z ' 2,,K 

»c r 10,n ' 8 - 60 ,d - J 

170.1 ppn,. )# 139 - 0 , 139 . 1 , 16 9 . 1 , 

(KBr) : 3295 , 1630 , 1530 , 1450 l 3 gg -1 

Mass spectrum, m /e (relar-i • * 5 ' ? "° ' 695 cm - 

, 90 , . 106 ll00j ^ ID. 203 (2J . 

Elemental analysis ' 86 U3) ' 77 <“>. 

Calculated for C n v n 

Found 17 18 2 2 * 32% C; 6 -43’o H; 9.92% N. 

72.53% C; 6.49% H; 9.67% N. 


35 
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- 5 


10 


15 


20 


p r p n , ra( .. , example 10 

^siaa rD.i,- a ia n i,, e .| ) -(3- m ,,. h o, Yll)enzvlamitlc 

<Ji=hlorom e th a ne’(l5Zn° a “ru amide dissolved in 

»L, 12 nunol) „ as aadlT" a " hydride < 1 - 23 «• 

stirred ** dropwxse. The solution was 

rred at room temperature M-K m ^ 
dryness. The r «i , 6 0 and then concentrated to 

hexane. U3S *r« chLrofo™, 

Yield : 0 .47 g ( 17 %) . ■ , 

m P 1 1 2 — 1 1 5 °c . 

H NMR. (DMSO-d^) :£l?-» 

3 73 (c ^ ' “ 7,1 1Iz ' 3II >, 1-85 (s, 311), 

2 u) 6 ' ? ' 3 *"- 4 -' 18 1"), 4.25 (d,J = 6.1 11 2 . 

(t^-' O H T; 4H) ' 8 ' 05 <d ' J = 7 - 4 — 1H), 8.35 

ir,j — 6.0 Hz, III). 

v- WMR (DMSO — d-) : 18 1 r ’ 

112.3. n9?o. 129 ; 2 ; 14 ; ; !; 9 3 ; 6 3 ; 0 54 ' 9 ' 112,2, 

1B 327 °' wo. ,; 5 ;. 12 ; ; : 0 p :; 

900, 775, 700, 690 cm -1 . ' 

Elemental analysis 

Calculated for C, H M n ct -,-, 0 ~ 

Found 13 18 H 2°3. 62 ‘ 37 * C; 7.26% 11.19% N . 

62.29% C; 7.13% H; 11.08% N. 


13 


25 


30 


35 
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t; 


10 


15 


20 


EXAMPLE 11 

Preparation of N-Trimc th y 1 ace ty 1-D , L-a lan ine-H -benzyl amide . 

0 , L— Alanine-N— benzy lamide (3.56 g, 20 mmol) was 
dissolved in dichlorome thane (25 mL) and trime thy lace tic 
anhydride (4.10 g, 4.46 mL, 22 mmol) was added dropwise. The 
solution was stirred at room temperature (18 h) and then 
concentrated to dryness. The solid residue was 
recrystallized from benzene/petroleum ether (30— 60°C). 

Yield: 2.07 g (40%). 

mp 123-124 °C . 

NMR- (DMSO— d 6 ) : 5 1.12 (s, 9!I) , 1.27 (d,J = 7.1 Hz, 3H) , . 

4.23-4.42 (m. 111), 4.31 (d,J = 5.4 Hz, 211), 7.23-7.30 
(m, 511) , 7.38 (d, J = 7.4 Hz, 111), 8.26 (t,J = 5.4 Hz, 

111 ) . 

13 C NMR (DMSO— dg) : 18.1, 27.2 (3C), 37.9, 42.0, 48.4, 126.6, 

127.0 (2C), 128.2 (2C), 139.4, 172.5, 177.1 ppm. 

IR ( KBr ) 3300 , 1630, 1535 (br) , 1455, 745, 695 cm -1 . 

Mass spectrum, m/e (relative intensity) : 262 (2) , 203 (19) , 

. 156 (18) , 128 (51) , 106 (31) , 91 (100) , 77 (15) , 

65(28). 

Elemental analysis 

Calculated for C 1 5 11 22 N 2°2 68 * 66% c •* 8.47% II; 10.68% N. 
Found 68.91% C; 8.14% H; 10.61% N. 


25 


30 


35 



# 
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EXAMPLE 12 

P reparat ion of . N . -Ac etyl-D,i,- met }- lionine _ N _ ben2vlarnide . 

N-Ace tyl-D , L-ine thionine (4.78 g, 25 nunol) was 
combined with acetonitrile (75 mL) and the mixture was placed 
into an ice/salt water bath (-5°C) . Triethylamine (2.53 g, 
3.40 mL, 25 mmol) was added dropwise, followed by ethyl 
chlorof ormate (2.71 g, 2.39 mL, 25 mmol) . All additions were 
done slowly so that the temperature of the mixture did not 
rise above 0°C. The mixture was then stirred at -5°C (20 

n»in) . Benzylamine (3.00 g, 3.06 mL, 28 mmol) in acetonitrile 
(5 mL) . was added dropwise and the mixture was stirred at — 5°C 
(1 h) and then room temperature (18 h) 

The mixture was filtered and a white precipitate 
was collected and dried _iri v acuo and identified as the 
desired product ( 1 II NMR and 13 C NMR analyses). The filtrate 
was concentrated in. vacuo and the residue was combined with 
hot tetrahydrof uran (50 rnL) and cooled in the freezer (3 h) , 
resulting in the formation of a white precipitate. The 
mixture was filtered and the precipitate was collected, dried 
•ill vacuo , and identified as triethylammonium hydrochloride. 

The latter filtrate containing tetrahydrof uran was 
concentrated iji vacuo and the resulting residue was purified 
by flash column chromatography (ethyl acetate) . A white 
solid (R f = 0.50, ethyl acetate) was isolated and was 
identified as the desired product ( 1 II NMR and 13 C NMR 
analyses). The two solids identified as N— ace tyl-D , L— 
me thionine-N -benzyl amide were combined and recrystallized 
from benzene /petroleum ether (30-60°C). 

Yield: 2.98 g (43%). 

mp 1 3 4 — 13 5 °C . 

1 H NMR (DMSO-dg) : 6 1.69-1.94 (m, 211), 1.87 (s, 3 II ) , 2.02 (s, 
311), 2.29-2.59 (m, 211), 4.10-4.53 (m, 1H) , 4.29 (d,J = 
6.0 Hz, 211), 7.26 (s, 511), 8.12 (d,J = 8.5 Hz, HI), 8.47 

(t,J = 6.0 Hz, 111) . . 



35 



-53- 



1 


5 


10 


C NMR (DMSO— d g ) : 14.6, 22.5, 29.7, 31.8, 42.0, 52.0, 

126.6, 127.0 (2C), 128.2 (2C), 139.4, 169.5, 171.4 

IR (KBr) : 3280, 1630, 1545, 1460, 750, 700 era" 1 . 

Mass spectrum, m/e (relative intensity) : 280 (3) , 206 

164 (29) , ,146 (20), 106 (54), 91 (76), 77 (14), 65 
Elemental analysis 


ppm. 

( 100 ) 

(24) 


Calculated for C^H^n^S 
Found 


59.96% C; 7.20% H; 9.99% N. 
60.02% C; 7.14% H; 9.91% N. 


15 


20 


25 


30 


35 
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EXAMPLE 1 3 

g£££^ration of N-Ace tylnlanin e-N ’ - ( 3- f luoro) benzv lnn,i^ 

N-Acetylalanine (3.28 g, 25 mmol) was combined with 
ce tom t rile (100 mL) and the mixture was placed into an 
salt bath at -5°C. Triethylamine (2.53 g, 3.5 mL, 25 
mmo was added dropwise followed by the addition of ethyl 
c oroformate (2.71 g, 2.40 mL, 25 mmol). All additions were 
slowly so that the temperature of the mixture did not 
’ above 0 C. The mixture was then stirred at -5°C for 20 
minutes. 3-Fluorobenzy lamine (3.58 g, 28 mmol) and 
acetonitrile (5 mL) was added dropwise and was stirred at 
-5 C for one hour and then at room temperature for 18 hours, 
he reaction became homogenous during this time interval. 

The solution was concentrated in vacuo and the 
residue was combined with hot te trahydrof uran (100 mL) and 
cooled in the freezer for 3 hours resulting in the formation 
of a white precipitate. The mixture was filtered and the 
precipitate was collected, dried in vacuo and identified as 
triethyl ammonium hydrochloride ( 3 . 5 1 g, mp 253-257°C). The 
filtrate was concentrated in vacuo and the resulting yellow 
solid was recrystallized from chloroform/diethyl ether. 

Xield: 3.22 g (541) . 

mp 120— 121°C. 

1 H NMR ( UMSO— d ) : & l 21 ( d 7 - 7 i • ~ , „„ 

6' ° - 7.1 «iz, 311) , 1.90 (s, 3l|) , 

4.23-4.41 (m. III), 4.33 (d,J = 6.1 Hz, 2H) , 7.05-7.37 

(m, 4H) , 8.19 (d,J = 7.1 Hz, III) , 8.53 (t,J = 6.1 Ilz 
III) . ' 

mR (DMS °- d 6 ): 17.9, 22.4 , 41.5, 48.5, 113.3 (d,J = 20.4 

Hz), 113.5 (d,J = 21.7 llz), 122.8, 130.1 (d,J = 7.9 Ilz) 
142.4 (d.J = 7.4 Hz), 162.3 (d,J = 243.6 Hz), 169.6, 

172.8 ppm. 9 

IR (KDr) : 3280, 1645, 1545, 1450, 745, 680 cm -1 . 


13 


35 
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Mass spectrum, m/e (relative 
124 (49), 114 (47), 109 

Elemental analysis 
Calculated 
Found 


intensity): 238 (18), 151 (22), 

(100) , 87 ( 7G ) , 72 (27) . 

60-48% C; 6.36% H; 11.76% N. 
60.55% C; 6.32% H; 11.71% N. 
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Prepar aV i on D f n t _ * 

T~ ~ Ac e tamido-N -benzyl - 3- thioph ene ace t ami dp 

15 mmoM " “' Aceti ”" id °-3-thiopheneacetic acid (2.99 g, 

: wir P ::::r ed t uith <«• -» 

Triethylanine (l.s/g VlO^is' < ' 5 ” C ’' 

followed by ethyl C J' 1 ' n ' n ° :U Ms added dr °P"i=*. 

All additin chl «°£°rma te (1.63 g. 1.43 .L, 15 ™,ol). 

-ixtur. diTLr”.r n b Sl<>Wly S ° tHat the ° f «» 

»t -5-c (20 • , 6 °’ C - Tha " ixture “ aa then stirred 

in acetonit d Beni; i' la '" i "A (1.77 g, 1.80 mL, 16.5 mmol) 

nitrile (lo mL) was added drcpwise and t-h 
was stirred at - 5 o c n hl „ _ arcpwise and the mixture 

The mixture r °° m tem P erat ure (18 h) . 

* ture was concentrated in vacuo and the residue was 

frLzer d (r^ ^ ^ trahydr ° furan < 5 ° mL, and cooled in the 
_ . . ' resultln g in the formation of a white 

recipitate. The mixture was filtered and the • • 

was collected dried ■ 3nd the Precipitate 

. . ' dried in vacuo, and identified as 

MUr« 1 ‘ , " 0nlU " hydr ° Chl ° ridd analysis) . Th e 

. ol * “ concentr ated in vacuo and the resulting yellow 

Yield- 1 ^ Cry " talll2ed f tom 1:1 95% e thanol/water . 

Held: 1.91 g (4 4%) . 

mp 198-199°C. 

1,1 NH S R SlT^’^V' 91 3M1 ' 4 ‘ 29 ld - d — H.. 2»). ' 

- v. I,U ' 7 - 15 — »>. 3.55 ■■ 


13 


(d, J 

c NMR ( DMSO— d , ) 
6 


7-9 Hz, 1 , 1 ), 8.74 (t.J . 5.2 Hz, 1,|)' 

- • :2: 

Mass spectrum. ./. (relative intensity, : 288 ,2,\ 245 , 3 , 

81 ' 112 (100) ' 91 (31), 85 (17), 65 (7) 

Elemental analysis • 

• Foind lated £ ° r Cls "l« N 2 0 2 S 62 -“ 8 * Ci 3*59% H; 9.713 

62 * 41% C; 5.47% -II; 9.55% N. 
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example 15 

Pr eparation of D , L- CL -Acet amido-H-benzvl-2-thio P heneace tamide 
N-Ace ty 1 -D , L-e thoxyglycine-W-benzylamide ( 6.26 g, 

25 mmol) was combined with dry ether (175 mL) and then boron 
trifluoride etherate (5.68 g. 5.0 mL, 40 mmol) was added 
dropwise, resulting i n a homogeneous solution. After 
stirring a short time, a small amount of a yellow oil 
separated fiom the solution. Thiophene (8.41 g, 8.0 mL', 100 
mmol) was then added dropwise via syringe and the reaction 
was stirred at room temperature (4 d) . The mixture was 
cooled, in an ice bath and cold aqueous saturated NaHCO- (200 
mL) was added and the aqueous layer was extracted with ethyl 
acetate (2 x 100 mL) . The organic washings and the original 
ether layer were combined, dried (Na.,S0 4 ), and concentrated 
in vacuo . The residue was purified by flash column 
chromatography, using 94:6 chloroform/methanol as an eluant 

(R f = 0.7 94:6 chloroform/methanol), and then recrystallized 
from benzene. 

Yield: 2.67 g (37%) . 

mp 167— 169°C. 

II NMR (DMSO-dg) : <S 1.91 (s, 311), 4.31 (d,J = 6.0 Hz, 211), 

5.74 (d,J = 7.9 Hz, HI), 6.99-7.44 (m, 811)', 8.64 

(d,J = 7.9 Hz, III), 8.85 (t,J = 6.0 Hz, 1H) . 

<C NMR lD”SO-d 6 ): 22.4 , 42.3, 52.2, 125.6, 125.8, 126. ei 

126.9, 127.3 (2C), 128.3 (2C) , 139.0, 141.4, 169.2, 

169.3 ppm. 

Mass spectrum, m/e (relative intensity) : 289 (2), 181 (6), 

155 (100), 112 (100), 91 (100), 85. (34), 74 (24). 

Elemental analysis 

Calculated for C^H^N^S 62.48% C; 5.59% H; 9.71% N. 
F ° Und - 62.64% C; 5.73% H; 9.61% N. 


13. 
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j’repa ra tion of D I - rv n 

iii — ^ -Ace tarrn rln-p-w-p- •. r 

N-Ac e tyl-7T_,_,, . lb. enryl-2-furanacetamiri.. . 

was combined with adt . £ur yD glycine (0.47 g, 2.56 mmol) 
(ice/ salt water batM U# CO ° led to -**C 

was then JcTT^^ ” °' 36 2 ' 56 ' 

(3 ".in.: Ethyl chloroforms (0 m'/Tm* 1“"“ “ 

wns added drop„i se beween - 4 . c ' ‘ 2-56 nm011 

suspension was stirred at -It i20 '? f ^ ^ 
acetonitrile solution (2 mb) of h ' “ nd the " *" 

2.82 mmol) was carefully add d Zyiaraine t 0 -3° g. 0.31 mL, 

benzylamine the “* addlti °" ° f 

0 ’ C - The »*«>>« was stirred at - s "' "'a n0t *° 
temperature (18 h) . and then concentrated ^ "" 

residue was then triturated with h„ ~ 22222 ‘ THe 

cooled at -1G» C (3 hi , . fc tetrah ydrofuran (5 mL) , 

was filtered and identified ^ Irieth 1 " 9 Wh±te PreClpitate 

1 11 '«“• »■*. 51.00 (M . , 5 “ hy2a ” lne (^-Chloride 

C "2'- 3.83 «s. „„,). The h t ' 2 * M ~ 7 '* 

dryness id vacuo and the resulting ! evaporated to 

chromatography ( 98*2 chi * 9 011 PUrif;Led h V flash 

— of the p l;£: to give °*° 9 * 

chloroform/methanol) 11 S SOlld: R f °-‘30 (98:2 


m P 178— 179°C. 

II NMR (300 MHz, DMSO-d ) • X i qn , 

Clb, , s . 5 , S’; f - 90 ai 3>- «.31- (d.d , 6 .0 


13 


6.40-6^44 (m, c^m, luV ^ ^ ^ ' 

C 5* n) ' 8 -57 (d,J = 8.1 Hz, NH) 8 ' ? ' 9 *^° 7 ' 64 (m ' 

C NMR (300 MHz , DMSO-d,): 22 35 | c „ \ “ 6 *° NH) 

(CH), 107.60 (C ') Ho 5 ' , . 3 ' 42 * 27 {Cll 2 ) ‘ 50 -95 

2C , 0-7 3 ' 110 - 55 (C 4 126.82 ( 2C_ * * or 

2C 3 ), 127.08 ( 2C„ * or 9 c A 2 or 

) » 139 . 05 


?r**\ J ~~ "-a i , . a 2 

(C 3 --)' w <2C2 ” ° r 2c 3">- 128.27 (I 

(C 1 ) , 142.58 (C *) , 


(c 2 ), 168.02 (CH 3 CO) , 169.30 (NI1C0) pp m . 
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890 cm-^ 0 ' 1625 (br)/ 1525 (br) ' 13 75 (br) , 1230 

Mass spectrum, m /e 

96 < 9 <>. n (si), lnt,n,lty ' ‘ . 273 (1) > 139 

Elemental analysis 

Calculated for c h m ^ 

Found 15 16 2 3 66.16%. C; 5.83% II; 10. 

65.92% C; 5.83% H; 10. 


lO 


15 


20 


■:< 25 


30 


35 



/ 1090, 
( 100 ) , 

29% N. 
15% N. 
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EXAMPLE 17 

Preparation of n t ’ ^ * 

- -£*: — ftcetamido -M-b^nryl ^ 

yl _ J EY£roIeacetamide. 

mraol) wa * suspended i n anhvH etl,ox ya«tamide (2.00 g, 0 .0 
then boron trifi Uoride ^ herlT ^ (6 ° 

was added i n Q he portion ^ ( • 82 9 / 1-57 mL, 12.8 mmol) 

birred (15 min) . T . " “ nd the re ^lting solution was 

then added in one portion ^ 9 ' 2 ' 22 mL / 32 mmol) was 

room temperature Ua h, d ^ S ° 1Uti °" WM = “rred “ 
formed . hexanes ( ‘ 80 8 ” , ' ^ • Palpitate 

and the mixture was fil t "T thSn a<3d * a tD the ^Pension, 
triturated with 95 , 5 chl ” ° nd th ® brown semi-solid was 

green solid. This materil^ 130 to furnish a 

chromatography (95.5 chl , S pur ified by flash 

»»» - ■«. rirr::™ 11 - . 

chloroform/methanol). " S ° lid; R f (96:4 

m P 17 4 — 17 5 0 C . 

H NMR (300 MHz, CD-CN) - r ■, Q , 

- .a 2 t, 5.42 ,d j 6 9 , V 93 <S ' C "3>- 4 - 35 - 6.0 hr. 

c. - JO . f.nnl'o, c '"' 00 — 6 .18 c 3 -„. 


C -in fir or-, '' rn, C 

4 U) ' 6-68-6.72 (m, C * 11 ) 7 n/l ^ x 3 ' 

17 (t 7 - c n 3 ' (d/J - 6.9 Iiz, MH) 

a ' lu,d — 6.0 117 Mm - . _ _ ' M| » 


13. 


7 * 17 (t.j = e.o nz, NI ,f # 7 ; 10 ; 7 47 ; = 6 - 9 H2 ' N »>. 

(br s, NH) ’ m ' P1 ^ ' 9-10-9.80 


h’MR (300 MHz, CD^CH) : 


(CH). 107.57 (C 3 "-),io8 2 ?85 2 (C C 7’'ll9'33 J 0 ' 2 ’ ' 52 ‘ 65 ' 

- lie oi ( ic 2 - or ; 2 “ 9 , 3 ‘ c ?: > - i 2 i-!f 


3 ) , 128.09 (2C ’ 

* % * 


129 * 49 (C 4 ‘*), 14 0.01 (c" : *, 'Ini:™' (2V ’ ^ 2C 3 * * } 

(CONH) ppm. - 1 U 110.94 (COCII-j), 171.21 

(KBr) 3320, 1570 (br) , 1470 (br) 1330 12 m 

860 , 760, 710, 690, 655 cm" 1 ' 95 °' 890 ' 

Mass spectrum, m/e (relative intensity)- 171 (121 

213 ( 1 ), 100 ( 2 ), 164 ( 9 ) i37 , 9 ,, . *' 228 < 2 > » 

91 (38)., 02 (35), 60 (l 5 ).' ' (20) ' 95 *100), 

High resolution mass spectral analysis 
Calculated for C H u o ~ 

55 Found 15"l7“3°2 ”1-13208. 

271.13144. 
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EXAMPLE 1 fl 


5 


10 
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Preparation nf n t •. T 

— - 

benzyl a min e (23.70 0i1 g ' 147 mmo1 * and 

for 3 days The ^ 221 mm ° 1) Was stirre d at 40-45°C 

the residue racry^I^ao" lllrTT^ “ ~ ^ 
(650 mL>, to yield 25 . 80 g (70% ; Qf t “ h ^»£™ a n/h eM n e s 

beige crystals: R 0 59 (95 q H i esired product as 

mp 15 3_i 55 o c ^ f * 5 chlor °form/methanol) . 

H NMR. (300 MHz, CDC1 ) • X l on t *■ 

C "3>- 3.60-3.76 U' CHCH , ; °V' 2 ‘ 

"».* - 8-7 Hz. c„,. 6.63 ? d V, I - *■** C,, 7 m '>- 5 ' 6 ° 

HH). 7.26-7.36 ( m , Ph) . ' ' *' " ' 7 -°° lbr s - 


13 


HHR (300 „„z, CDC 1 3 , , 35.06 (C^CM,,, 23.25 ,c„,CO) . 

* 2c .^ H 2 NH J' 64 * 51 (CH 2 CH 3 ) # 77.43 (CH) , 127. 

O r Z C . C . * 1 1 *)n Tn / . . 


. . . - -» r » **-#.69 (20—** 

4 ), 128.79 ( 2C_ ’ or 2C., * * ) 137 57 fc ... 
160.13 (COCH 3 ), 171-29 [CONH) ppm 3 ? 

IR (K 1^ llll' !o 6 60 0 <br) ' 1550 Uhl ' 1505 "»>• 133 »- »60. 

- » 115, 1060, 1015, 890, 745, 690 cm" 1 , 

spectrum, m/e (relative intensity): 251 ( 4 ), 163 ( 9 ) 

H 6 (98), 106 (34), 91 (98), 74 (100). 

Elemental analysis 

Calculated for C. H n o c -> -> QO „ ~ 

Found ‘ 18 23 62 * 38% C ' 7 -25% H; 11.19% N. 

62.49% C; 7.27% H; H. 2 4% N . 


1 
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EXAHPr.P 19 

Prcpa r n tion of n t-t-a 

C — QSiP iainido-N— lion •? w 1 — o 

To a _ , . ; ~ non z y 1- 2 -me t h oxy acetamide . 

— 

added benzylamine ( 8 . 68 „ g [ 9 ' “ mn,0l) Ua = rn P idl r 

mixture was stirred at 50^c , a "' ra ° 1) a " d the " the 

beige precipitate appeared The^ 5 ! dUrin9 Which time a 
and the resulting precipitat S ° V6nt W3S remoVed AH ^cuo 

hydrofuran (2x, to give 7 . 67 Y C L^T" 311 ' 2 ^ fr ° m tetra_ 
as beige crystals: R 0.35 in... ° f the desired Product 

mp 1 4 5 - 1 4 6 °c. f " chlor oform/methanol) . 

H NMR (3 00 MHz, CDC1 ) * x 9 , 

4.40-4.35 „ CH 3 ‘ s ^ C »3°» - 

8.7 „ 2 ,,,, 7 , 3 : 5 - 52 ,d ' J - 8 - 7 "*■ C ">. 7.12 (d.d = 

13 ' )# 7.20 7.40 (m, Ph, Nil). 

C NMR (300 MIlz , CDC 1 - ) : 23 03 (ni rm 

«“??:■ 55 - 8 < 


2C 3 * * ) , 12 8.70 


(2C 2 * 


° r 2 C 3 **) , 13 7 .45 (Cl --, . 


or 

166.91 


(COCII 3 ), 171.57 ( CONI! ) ppm. 

1R (KDr): 1260, 1825 (br), 1550, 1505, 1435, 13 90 1370 

1230, 1120, 1050, 935, 890, 690 cm -1 . 

935 17r^r , lG3 e r 4 < ! relatiVe lntenSity): 237 205 (2), 

ei «», »• ««. 

Elemental analysis 

61.00% C; 6.83% H; H. 8 6% N, 
60.91% C ; 6.85% H; H. 66% N< 


Calculated for c 12 H i 6 H 2 0 3 


35 
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EXAMPLE 20 

lJ-ri!j>.^ rl !'T J rl . 0r m lji=g:ASSlJImida:Ja ^ n ^ YT ~ 2 - f 

Acctyl-DjL-clhoxyp] vcinn Ml i 

j bO cine-XN-bcnzylamide (2 OH rr p n n , 

anhydrous ethyl ether and tl , . ’ SUSpcnd<!d ™ 

ranidlv , '° r ° n tnrluorldl! etherate (1.82 g. 12.8 mmol) was 

2-melh If ° ’ °" d lh ° r ° SuUinE solution was stirred for 15 min. The 
>y uran (2.63 g, 32.0 mmol) was then added and the reaction was stirred at 

room temperature (3 d>. The reaction mixture was poured into an ac,ucous 

saturated N.HC0 3 -ution and extracted with ethyl acetate (3 x). The ethy, 

extracts were combined, dried (Na 2 S0 4 ) and evaporated in yama to give a 

e.ge solid, which was purified by dash chromatography ( 98 . 2 

ehlererormhnethauol, to give the desired product as a white crystalline solid. ' 
Yield: 1.40g(Gl%) 

Rf 0.25 (98:2 chloroform/melhanol). 
mp 148-150 °C. 

rrT.r “ ■* c,m “■ <». 

J ~ 8 - 0 Hz • MU. 8.60 a, J = 5.G Hz, Nil). 

»c mm (DMSO-dg) 13.44 (CH 3 ). 22.35 (CH 3 CO,. 44.11 (CH 2 ). 53.23 <CH) 107 51 

orlc /I 110 ''" <C3 ' " C4 °’ 12813 (C ' i " )> 12818 < 2 C 2” - 2 C 3 ..). 129.43 (2C 2 ~ 
° r 2 C 3 ..), 139.69 (C r .), 149.18 (C 2 - or Cv) 153 81 tPo. n a 2 

173.03 (CONII, ppm . ' o ). 153.81 (C 2 . or C 5 .). 170.78 CCH 3 CO). 

m (KDr) 3270. 1620 (br>. 1520 (hr). 1440. 1360. 1210. 1010 em-1. 

Mass spectrum. We (relative intensity) 286 ( 3 ). 179(8). 153 ( 57 ). 152 ( 57 ) m ( 23 , 

110 (100), 97 (23), 91 (31). '='1.111(23). 

Elemental Analysis - 

Calculated: . 67.12% C; 6 ~ 34 % H; 9.78% N. 

Found: 66.92% C; . 6.52% H; 9.52% N. 
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EXAMPLE 71 

I rCPi r.jf.ion of f D . A p e { p tn j f | n r n - ,,t p i _ f 

N-Acelyl-D,L-cLhoxygly^ij^^j , u r n n ^ 

anhydrous ethyl ether ( 30 mL , 7, * °° W3S SUSpe " d<!d in 

-mol, wos rapidly aJdcd ^ L and U ” n b ° r0n ^ifluoride “'-ate (0.9. S . 6.3 

benzofuran (1 89 l ' ' T "" "" »“ “>-ed f.r >5 min. The 

temperature ( 3 d ’ 7 ^ ^ ^ ~ ^ed - -om 

aqueous solution of H ^ ^ ^ ” “ 

temperature for an additiona. i 5 min . 7* lUrC maimained lWs 

acetate (2 x) and rh mature was extracted will, ethyl 

' and the or E anic layers wore combined, dried (NaoSOu, an 1 

evaporated in**** The residue was purif.ed by Hash chromatography ( 00 . 

chioroform, then 99:1 chloroform/methanol, to yie,d the desired product 
Yield: 0.43 g ( 33 %). 

Rf 0.30 (98:2 chloroform/melhanol). 

• mp 195-196 °C; 

C^nT 4 ‘° IT c T <S ' CI r3CO) - 4 31 (d ’ ^ - 5 - 7 C »2». C .77 (d. ^ S.1 H, 

<d. 7 .o hz. o7z J C ;J 8 \?«Ts 7 " (d - ' ■ 70 "• 04,11 or crii> ' 702 

7 n) ’ 8 ' 74 w. J = 8. 1 Hz, Nil), 8 .S 6 (t. J = 5.7 Hz NH) 

, r (DMSO-dg) 22.27 (CH 3 CO). 42.30 (CH 2 ), 51.22 (CH), 104 34 (C 3 0 110 90 

Sir <C4 °' 122 - 3 ° (C5 °- 124 28 (CC '>- 12G - 73 (C 3,). 127.0 1 (2C 2 “ or 2 (^ 3 *.) 

(CH CO, I” 2C3 ' 0 ' 128 ' 14 <C4 " ) ’ 138 87 (Cl " ) ’ 154 ' 10 (C7 '^ **•«> (P»0 1G7 40 
(CH 3 CO), 169.26 (CONH) ppm . ~ Z ' 1 A0 

m coir) 3230. 1625 (br). 1520 (br>. 1440. 1090. 1065. 890. 735. 690 cm-1- 

Mass spectrum, m/e (relative intensity) 322 ( 5 ) 279 ( 1 ), 264 ( 1 ) 234 m 215 (n re 
MG). 146 (100). 130 ( 11 ,. 118 ( 7 ). 91 (87,. 65 (16,. ^ 189 

High resolution mass s P eclrum, 

Calcd for CjgHig^Og 322.1317. 

Found 322.1318. 
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EXAMPLE 22 

Prcnnrp tion nT (n T * 

anhydrous ethyl ether 05 mL) T # (100 4 mm0l) WaS SUSP ° ndcd 

—) - rapidly added aril ^ ^ ^ - « 

benzotbjthiophene (2.14 e , 16 "* S °' Ut '° n f ° r “ Th ° 

at room temperature (3 d) T1 i ^ 1 ^ ^ ^ reaCti ° n W * S sLirTed 

abacus solution o f 7j CO T" ^ ^ ^ 
was extracted with eth 1 ' '° r ^ min 01 ° ^ T ' ,e mi * laTe 

dried (Na 2 S0 4 ) an ^ -bined. 

-turated II 1 m 7"^ ™ *° - “ — ~ - was 

further purified by fiasl T ^ ‘ Pr ° dUCt a " d 

desired product. «®=1 chloroformhnethanol) to E ive the 

Yield: 0.06 g (4%). 

20 Rf 0.32 (99:1 ebloroform/methanol). 
rnp 22G-227 °C. - 

] H NMR (DMSO-d G ) 5 1.94 (s. CII3CO). 4.34 (d. J = 5 7 Uz CII , ' , 

Hz, CII) 7 20 7 'ifi / n tt 7 IIz > CII 2). J.S6 (d, c/ = 8.1 

J ’ 7 ‘ 38 (ra * C 3 -ir, C G -II. C 7 *II Pb) 7 77 7 o« / ' 

?5 7.89.7.93 (m. C4« or Cedi) 8 7C n t . ’ ’ • 7 ’ 7 - 80 (m * C4-II or Cg-II). 

: ,, nm -i lores n),8.70(d,,/ = 8 .iHz,NII).8.97(t.,/ = 5 7Hz NIP 

13 C NMR (DMSO-dr) 22 34 rru nm ’ 11 ’ NII) * 

ou u 6 ; 22.34 CCH3CO), 42.38 (CH 2 ), 52.70 (CH) wicm 

122 22 (r *. „ o t 1^2.15 (C4* or CvO 

2-^2 CC4- or CyO, 123.45 (C 3 0 124 37 (r^. n n 7 h 

3o (C4”). 127.27 (2C 2 .. or 2C S -). 128.27 (2C 2 .. or 2 C J> W8 84 "c^ 

(C 3 -„ or c 7 . a ). ,42.58 (C l0 . JG8 . C5 (C„ 3 C0). 1(RU8 J “ " 1 “- 85 

signal for the C 2 . carbon was not detected and is , mCt 

■Cl* carbon at 142.58 ppnr.J. PrCSUm ° d * COindde ** *• 

m CKBr) 3240. 1010 (hr,. 1510 (br). 1420. 1300. 1215. 1085. 885; ,30.' 710. 085 cn-f. 

ass specLrum, ni/e (relative intensity) 338 (8) 20 1 " r9^ 

108 (12), 91 (59, (8) ’ 29 ° (2) ’ 205 (?6) ' 162 «00X 135 (22), 

Elemental Analysis: 


3 3 



! 
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Calculatcd: 

Found: 


(>7A3% C; 5.3G% n ; 
G7.21% C; 5.37 %II; 
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8.28% N. 
8.12% N. 
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EXAMPLE 7 7 


10 


.15 


Preparation of r T') r -v . 

- - ~ V ^ 4 ^"Afreta mi dn-N - 1) e n 7. v 1 . T . i n r t n l « « , . , 

N-AcctyI-DJ J -eUioxy c l y Jn7^7r^ ~~ -^Lsnj ; . c t a nn^ Lg., 

anhydrous cthy, elIlcr ( Z " ^ ^ m "’° ,) "" ^ «" 

mmol, W as rapidly Md d = " b ° r ° n trinUOride Cth< ^ <°' C3 6. 4.40 

indol. (1.30 E U oo ° “ th ° rCSUHinE S °’ Uli0n W3S SU " Qd f ° r 15 T '- 

temperature (' 22 h) T ' ™ ^ ^ “ d U '* - ^red at room 

- “ c) was — - - - 
°C). Purification Of the e > and Washcd ™th petroleum ether (35-60 

chromatography (9 8 . 2 n miXtUre ”** accom P^ed by flash 

white solid. Or0fOrfn/raetha „° ! ) * -° duCC «». title compound as a 

Yield: 0.25 g (18%). 

Rf 0.14 (95:5 chloroform/methanol, 

mp 213-214 °C 

(dd. J=7 5II Z J- 7 K w P Tr ‘ ’ 7>J Hz * or C 6 -II), 7.12 

* . „ h, oX: 7 - 39 * ' - 7 - 5 * ^ « «. 

^ .1P.30-10.80 ol s . £ W - ' " 7 " HZ - miCH> - 8 - 13 * ^ 8 ° H. NHCH 2 ). 

13C NMR (DMSO-d 6 ) 22 . 32 (CH 3 CO). 4 2 . 2 3 (CH 2 ) 49 98 (CH) 11 , ^ 

(C 3 0. 118.76 (C, or C G 0. 119. 24 (C4. or C o 0 1 21 37(c , “ U2 '° 8 

126.71 (C4.O. 127.33 ( 2 C 2 .. or 2C3..) 1 28 18 (2C ’ r ^ 

CCl.., 169,3 (CH 3 CO,. 170.81 (COM!, ppm " ^ 13G ' 28 139 ‘« 

S"» “» *».. ». u». 

Mass spectrum, m/e (relative intensity) 321 (5) ? 7 p m on, , ’ 

<85,. 171 (3, 145 (100,. 118 (18, 91 (39, ' ^ ^ 233 ‘ U 214 «* 187 . 

Elemental Analysis* 

Calculated: 71.01%C; 5.9G% I I; 13 . 0G% R 
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1 Found: 70.87% C; G.15%11; 
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» 

12.78% N. 



i, EXAMPLE 24 

‘L^aia nilion nr fn r,) n - A , 77 

^ ^ ^ 1 <* nil fin. N-h cn7vl-? mnii t , . 

N-AccLvl-D T /l 7 ^ ^ 2 ^ 2-f q. m g tli yl pyrrpl g)n coin miflo 

y • ^cUioxyglycine-N-bcnzylamidp (9 nn 

in anhydrous ethyl ether (l 7 r ,, ‘ °° e . 8 mmol) was suspended 

2 -noU.y, pyrrole '( 0 85 7 10 7 ' S ° ,UU ° n 05 T '« 

stirred under L d !’ ■*“ - - —on nature was 

reddish brown L a d T7 ^ ^ rea ' li »" ‘-ed 

- -- ihe b - - ~ ~ 
solution containing ice UOO mL) for 30 min r,T NaHC ° 3 

oxtracted with ethyl acetate (3 „ 30 nT> T “ ^ ^ 

7 — ~ - — —7 c— 

,e,d the : it ; ? - - — - 

-eiste^anetogieeaLhtyello:';::!:;: ^ 

Yield 0.20 g (94%) 

RfO.44 (95:5, chloroform/methanol). 

mp 1G7-1G8 °C. ' 

Z£ZX 7 “■ 2 “ « * - «w « «... 

■* ^ “ “• J ■ 

13 C (DM SO-d e ) 12.74 (CJI 3 ). 22.49 (COCII3) 42 lUCIIl si e, rr- 

<C4>.10G.07(C 3 >, 126 16(0) 12r r , , n (CII 2 ). 51.21 (CH). 105.09 

f2r or. i ' 4 ' X 120 85 (C2) ' 127 - 7 * 09 * (2C 2 . or 2C r ) 128 .7 

(2C 2 ' or 2C3O, 139.33 (Ci ') lGfi f?R rrnpn ^3 A 128.17 

11. t>8.88 (COCII 3 ) f 1G9.79 (CONH) ppm 

7 152 °- 1420 ’ 13G0 - “* -• -7 1020CU,-, 

Mass spectrum, m/e (relative intensity) 2 nr , A/r+ 

HO (121, 109 (93), 108 (22). 107 (25), 94 (16), 91 (43). ' ’ ^ <20) ' “* ^ “* a ° 0) - 

Elemental Analysis: 

Calculated: 67 3^% p. cm™ TT 

o Uj/ot, G.71% II; 14.73% N. 
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1 Found; 


G7.57 % C; 


G.D0% II; 


10 
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V 


14.52% N. 


- 71 - 


5 " C<,U '' V) WaS added 10 * solution of 

« -10 to -15 « C undor N,. Afle ' ^ t ° tra ' , >' dr ° ru ™ 05 mL/10 mmol) 

was added leading to the - - " I™" 6 ^ mm> ' iS ° butJ ' 1 cllI °roformato (1 equiv) 
to proceed f 0r 2 additi P PltaLl ° n of a whit e solid. The reaction was allowed 

10 benzylamine (1 equiv) inTetra 77 ^ ^ 3 S ° IUti ° n ° f the Substitut e<l 

at -10 to -15 »c Th ° r ° y r ° rUran a0mL/1 ° mm °<> was added over 5 min - 

<* min and then U.eVI cul all ° WCd ‘° ^ 31 “-P-ture for 

■ 5 - — 

15 -remaining,^ d “ t ^ ^ ™ «M 

^ ^ - amounts of the white soli ^ I ^ 

purified by either reervstallisation, or flash chr , ’ ^ Pr ° dUCt WaS 

material. Exarnples 25 _ 32 _ 0graP ‘' y ° f the combined solid 

thic V. ’ -a Sre pre P are d according to 

thxs procedure. y co 


20 
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EXAMPLE 1C 


Arr>| n.mido-'Nf-L r. n ~ v i 9 r 
Using benzvl ^ 

^ce , mido ., fura ;; cct ::;: (0 ;;- 27 * 2 - sg n,mo ° - 

The product was rcco-stalIi 2cd ' & ^ m “°' ) ^ d ° SirCd C ° mp ° und - 

YiCd: 0,6 e <05 % > ^'"- d f —M acotato to ^vo a whilc soIid . 

Kf 0.30 (98:2 clUorororm/ m cthanoI). 

rap 177-178 °C. 

U N7VIH CDIMSO-dfj) 5 1 90 /v ctt \ * 0 

CII), 6.27 - 6.33 ( r ’ 3 1 ‘- 31 (d - J = G 0 Hz. Cir 2 ), 5.58 (d. J = 8.1 Hz, 

Cell) 8 r 7 td 3 ' 6A0 ’ 6A4 (m ‘ C-),I) ’ 720 • 7 - 3G (">. 5 PliH), 7.G0 - 7.6-1 (n. 

C 5 H). 8.57 (d. J = 8 .! Hz. N„). 8.73 (t. J = e . 0 Hz . mi) 
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EX AMPLE 26 

Usi^TTn r - n once I n m i . fc 

t» *'iiuorobon»vt„ 

C| i/-ylaininc (i n _ 0 n 

5 a 'acclarnido-2-ruranaccLic acid (1 50 n 8 2 n ’ an< ’ 

.Yield: 1.20 e(50%) . ' e ' 8 - 2 mm °» gave the desired product. 

Kf0.3G <90:4 chloroform/melhanol) 

iq 

™ffi(DMSO.d 6 ) 5l , 3(SiCO - 

om «. <, „ „ ,, c ,„, c <** »<**... h, - 

Hz, Nil), 8.70 (t. J = s.5 Hz _ mi) ' 3 ' 7 ' 35 Cm ' 4 Arf n. 8.61 <d. J = 8.0 

3 C NMR (DMSO-dg) 22.35 (COCH 3 ) 3G 12 fd T 

10 ™ CC 3 ). 115.04 (d ^ Tc" = Hl ' CH2> ' 50 - 88 <Cn >- 

125.04 (d, J CI , . , 5 .o „ 2 , c , ' 3 °' m29 «• J CP = 4-2 Hz, C5O. 

„ 1 A 1^8.94 w, J C p a 9.0 Hz, C 4 . or CrO 120?7n T 

„ “* ““ Jcr ' *•“*■ c “ 

ireiauve intensity) 291 (M++i 91 nn A „ 

(10). 139(08). 138 M 6 ) 126(7) no nm • ’ ’ ( ^ 165 M), 145 

. E ,„ , , ’ G(7) ’ 110 (10) . 103W5), 97 03). 90(100) 

25 vf-Jcmcnlal Analysis: 

Calculated: fi9 noc/ r> <- 

C2.02/eC; 5.21% II; 9.05% N. 

xoundr ro or>f*f p 

C; 5.19% H; 9.69% N. 


35 
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example 99 • 

9 r . 

M . . ^^aziUJ-rurpnnr aloiiucIq . 

5 ak «*C «• of 3-nuorobcnzyIamine (1 . 13 g mm 
oc-acclamido-2-furanacctic acid (1 5 0 E 8 2 m n ’ ' 

Yield 1.90 e m%) _ ' m0l) gavc 1,10 Rosined product. 

Kf 0.30 (9G:4 clilorororm/methanol) 

10 »P 163*165 -C (recrystatlized from etby, acetate,. 

CII). G.31 Cs. C4II,. G.42 (a. C 3 II) 6 98 7 ->7 f 4 A " ’ 2 ^ W> J = ** «*• 

Hz. MI,. 8.70 (t. J = 5.5 Hz. Nil)' m ' ? ' G2 ^ CS " X 8 ‘ G1 » J = 7 ' 8 

15 13 C NMII (DMSO-d 6 ) 22.35 (CO CII 3 ) 41 71 few ^ 

(C 3 ). 113.50 (d j cr - 21 6 H r ' 2 ’ 1 (CH) ’ 107 * 73 (C4) ’ 110,59 

• CF - 21.6 Hz, C 2 * or C,iO. 113.G0 (d, J rp -*22 9 it n 

122.95 Cbr, C G0 . 130.18 Cd. J CF . 8. G Hz . c 50 . „ 2 21 fd t _ r " 

(C 5 ). 151.03 CC 2 ), 102.28 Cd.J CF _ 2 ., 33n r* .1 7 ' 5 Hl ’ Cl °- H2 - CG 

pp m . ' ' 3 °' 1G3 - 23 (COCII 3 ), 1C9.31 (CONII) 

HI amr) 3230. 1030. T540. 1«0. 1360. 1220. 11«. looo, 730 cm- 1 . 
s spectrum, ro/e (relative intensity) 290 (M+,71) 231 (7) ,- r M 

: 2; . WOO). 120 (10). 109 CO). 97 (118). 90 (100). 90 C30). ' ’ ^ ^ ^ 

Elemental Analysis: 

Calculated: 62.02% C; 5*1% H; 9.65% N.- 

Un<i ’ 61.97% C; 5.35% H; 3.53% 

30 


2C 


35 


X 


\o 


-75- 


10 


15 


20 


25 


EXAMPLE 28 

•LD. I,Vipr-A r? ^|, n ,- ( .] n ^ f,j n , L | ,, „ „ 

! r P^>r n 7. vl V r p n a CG Ln m i rl n 

Us.ng racemic a-acctaniido-2-furanacclic acid (1 50 8 ? n 

4-fluorobcnzylamine Cl 13 rr on ' , (>->0 g. 8.2 n,m.l) and 

y. B. . mmol) gave the desired product, 

lield 2.10 g (88%). • 

Kf 0.30 (96:4 chloroform/mcLhanol). 
mp 188-190 °C (recrystallizcd from ethyl aceLaLe) 

... 7 -”- 

8 75 ft- t c r ' * 58 (d ' J = 8 -° «z, NH ) , • 

°* /b (t r J = 5.5 Hz, NH) . . . 

ZZ 22 ' 28 (COCH3) ' 4 L51 <CH2) ' 50 - 87 <cia io7 - 52 (c ->' 

S C T = HZ ' C3 °’ 129 " 8 (d ’ JCF “ 8 - 3 H *' 135 23 M. 3 CP - 

tCOCH , <C5) ’ 151 -° 8 (C2> ’ 1G1 - 12 (d - ^ — H*. ca 107 95 

(COCH3), 169.13 (CONII) ppm. 4 ’ - 9j 

ffi (i<33r) 3230, 1020. 1500. 1300, 1320. 1200. 1210. 1140. 1000. 820, 780, 730 cm- 1 
M-s spectrum, m/e (rointivc intensity, 201 , M +*1. <, 165 M)> Uq (g) 13g * 

«2U24(G).109<71).97<C0).9C(,00). O). 139 (02). 138 

ElcrncnLal Analysis! 

; CalcuIa ‘od: 62.02% c; 5.21% H; 9.05% N. 

Found: 01.70% C; 5.4 1% II; 9.43% N. 
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EXAMPLE 29 


2,,d i n„„ robenjylam . it (130 b> go mmo)) ond raceros 
-acetamido-2-furanacelic add Cl 50 c 8 2 m n , 

Yield l.GO g (64%). ' ' mmo,) C av0 d «i'-ed product. 

KfO.38 (96:4 cliloroform/meLlianol). ' 

m P ^"^7-178 ®C (recrystallizcd from ethyl acetate) ' 

5 1 ' 89 (S ' C0C ’ r3) ' 01 <d ’ J • 5 - 5 H * 5 - 55 «• J = 7.7 Hz 

H mn B t ' S ' 43 <S ' C3H) ’ 7 ' 22 ' 7 - 25 3 ArfI> - <«. Cs«). 8.62 (d. J = 7.7 

Hz, Nil), 8.78 (t, J= 5.5 IIz, Nil). 

13 C NMR (DMSO-dg) 22.30 (COCHo) ^ no M T 

1(17fiur 3,0 -° 8 (d ’ J CF = 5.8 Iiz, CH 2 ), 51.02 (CH), 

* r l 41 10 - 58 (C3> ’ U5 -° G Wd ’ JCF ■ 13 - 5 - ** H, C 3 . orC fi ., 115.16 (dd. d CP 

' ; : 7 HZ ' ° 3 ' ° r CG °- 116 52 Wd - J CF - 10.1. 23.9 Hz, CO. 127.98 (dd. J CF . 

0.2. 17.1 Hz. CiO. 142.09 (C 5 , 150.78 (C 2 , 155.89 (d. d CF = 233 . 0 c 2 . or ^ 

loS.18 (d. J CF = 233.8 Hz. C 2 . or C 5 0. 108.38 (COCH3), 169.35 (CONI!) ppm 

^JKBr) 3230. 1020. 1520. 1480, 1300. 1200. 1230. 1180. 1140. 1000. 800. 810, 730. 710 

Mass specLrum, m/e (relative intensity) 309 (M+ + l. !). 2 G6 (1). 222(1) 165(5) H0 
(5). 139 (61). 138 (30). 127 (37). 97 (44). 96 (100). 

Elemental Ajialysis: 

Calculated: 58.44% C; 4.58% H; 9.09% N. '. 

F ° Und: 58.G8% C; 4.69% H; 8.87% N. 


EXAMPLE 30- 


CGt.fl ni j { I fl-TsT .f p n f l.*n I 

^ . . l u °robenzylamine (1,30 g, 9.0 z^l, and racemic 

“^cetanudo- 2 -furanacetic acid n r n 

5 Yield 1.30 g ( 73 %). 9 ' 8 - 2 m "° 1 > «>• desired product was f ortted 

' ^r 7 ' 239 ” C Cr?CrJ ' SU *" 1 -' 1 ^o, n 

MR (DMS0-d G ) 5 1.8G (COCIlg) 4 33 , , 

CH). 6.17 C4ID. G .38 (s . c 3 „). 7.03V10 ' " **' *« = « Hz. 

C 5 H, 8.G2 (d. J = 8.3 Hz, Nil), 8 .GG (t, J 5 pj 7 ^ 7 - 3G ' 7 -' 1 1 ^ 7.G0 (a. 

° miR (DMSO-do) 6 22.33 (COCH 3 , 30 7 d (1 j 

107 - Z * (C4h n0 -<° (C 3 ). 1X1.61 (dd. j cp - 80 2r " ' M H2 ’ CH2) ' 5tU8 (CI «. 

W-5 H*. (*),. 129.98 (t. j cp „ io. 6 ^ Hz ’ C 3‘- C 50. 113.G7 (t. J cp = 

' 2 ' l8 - 1> C 2' ° r C G 0. 101.10 (d. j cp - 2 48 Vh C (C5) ’ 151 ' 23 (C2> ’ 1G0 ' 93 (<I ’ JCF 

(C0NII) ppm. -I Hz, C 2 . or q.,), 1G7 C0 (C oc„ 3) , 1 G9 00 

'* ”» ■“ “»• 

Mass spectrum, m/e (relni;,.,, • , 

(SU39 (87). 138 (36). 127 (5.). ^ ^ ^ ^ ^ “ 7 (?) ‘ M0 , 

Elemental Analysis; 

Calculated: r.q ^ 

/0 4 -GS%H; 9 . 00 % N. 

i'.ound; ro p 9rf 

G 2 / °C; -1.717c II; 8.93% N. 


example 


31 


Starling will, D-a-acclanudo^ruranacetic acid (2 , , 

benzylami„ e (1 43 tr n o Q „ gt 13 ’ 38 mmol > 

2,4 g ao^ ' U,e d ° SirCd Pr ° dUCt «-»-• 

**« the title compound. 6 ^ ^ ^ *om ethyl nee tote to 

Yield: 2.30 g 

, ■ - t! 

m P 196-197 °C. 

W 2G D[c= l. MeOH] = -78.3°. Addition of Rf 

_ OI u v-J-mandelic acid to a pnpio „ * .. - 

the product gave only one signal r nr ,i CDC 3 solullon of 

„ Enal f0r Lhc acetamide methyl protons 

Mass spectrum, m/e (relative intensity) 279 rA/r+ on 

138 (34), -97 (46), S G (100), 91 ( 03) . ' ' 184 ^ <2> ' 140 (8) ' 139 < 88 >. 

Elemental Analysis! 

Calculated: GG.1G%C; 5.92% H; 10.29% N . 

Found: 66.09*0; 6.01% H; 10.38% N. 
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EXAMPLE 32 

£LH±ia ^^ 

P S ne L ‘ a ' OCCtamid °- 2 - r “ranaceLic acid (2.83 g, 15.46 mmol) and 

uylaminc (1.G5 g. 15.46 mmol) gave 3.80 g ortho enriched desired product. 1]1 
MR analysis with R(-)-mandelic acid showed that it was greater than 80% 
enr.ched in the title compound. The pure L-enanliomer was obtained by 
recrystallization from absolute ethanol. 

Yield: 1.60 g. 

mp 196-197 °C. 
t a l^ 6 D[ c = l, MeOH] = +79.0°. 

Mass spectrum, m/e (relative intensity) 273 (M+ + 1, 3). 229 (2). 214 (2), 184 (1). 165 
(7), 157 (4), 140 (33), 139 (100), 138 (95), 97(98), 96 (100), 91 (98). ** 

Elemental Analysis: 


20 


Calculated: 
~ Found: 


66.16% C; 5.92% H; 10.29% N. 
65.89% C; 5.86% H; 10.42% N. 
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K*s°l »ti on of ( D , . 

i hvl7~ ~-^- tamido - 2 - f ’ ir anacetic ac j_ d Using 

- . . ;r 

— ^ n ;:.:: 1 ;: 1 :;: 5 ::: 1 o£ — — 

"«3 cooled 1„ th . £cee ; ' ^ resul ting aolutior 

<«-00 g, „ hich sep „ OV9 " i9ht - - P~c ipltata 

th. , oth „ liquid " UP °" - «lt.ca t and 

used £oc ob POC3t8d ^ * ~Xt -hlcH was later 

' obc oining L-4-a ceu „ idt ,. 2 •• 

initial salt was r " C ‘ C acid - The 

was recrystallized (3 x) frn 

b ° yield 4.00 g of the . “^‘"t' “Hanoi. 

pure diasteromeric salt 

m P 173—175 °c. 

U1 26 D[ c = 1 / MeOUj = _ loa f 
Elemental Analysis 

Calculated • c o _ 

63 . 14 % o ; 8 . 62 % 9 . 21 , N 

Found : . 

. . ' C = 6 ‘ 62 * «; 9 . 1 2% n . 

The purified salt was treated with 5, a 
extracted wit h . thyl (3 , ** "V 

"ith a 8 . 5 * aoueo ' ^ the „ .nidified 

0-5% aqueous solution of H PO *k 

with ethyl acetate (3 x 100 mC > 3 * "" eXtCaCted 

-aeetamido- 3-f urana ' . yiel<3 2 -« 9< 2 5%) »* D— 

* ruranacetic acid. 

mp 169 - 171 °c. 

2 6 

f<4 J D[c = l # MeOH ] =- 184 . 2 
Elemental Analysis: 

Calculated: 52 dfi _ _ 

C: A qco. ,, 

Found: 52 174 . * ? 7 ' 65% N * 

The C; 4 ’° 9% H; 7 . 56 % N . 

-alt obtained after evaporation of the • 

ot the main- mother 
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quor was hydrolysed with 5% aqueous NI^OH solution to give 
of the enriched L-^-acetamido- 2 -f uranacetic acid 
IM D[c = 1 '. MeOIl] = + 47.7°]. (s)-(-) 

9'. 0.055 mol) was added t- . -" ,eth yl*”»«Ylainine (6.70 

° a solutlon of enriched L-^-acetamido 
2-furanacetic acid (l 0 . 10 g, o 055 mn n • 

~ ln absolute ethanol 

"> • The white precipitate o£ the dias teroemeric salt 

<8.10 9 , that separated upon cooling the solution in the 

U h> fUte " d '■ «“ •*!«: was recrystailized 

con, absolute ethanol ,3 x, to yiald 3.00 g o£ the salt. 
m P 172-174 *c. 

2g ^ 

1°*'] D[c = l/ MeOH ] = +106* 5 . 

Elemental Analysis: 

Calculated: 63.14% C; 

Found: 63.18% C; 


6.62% H; 9.21% N. 

6.47% H; 9.00% N. 


The salt from the third recrystallization was treated 
With a 5% aqueous NH^OH solution and extracted with ethyl eth 

(3 x 50 mL), and then acidified with a 8 "s* = 

wxcn a 8.5% aqueous solution 

of H 3 PD 4 , and then extracted with ethyl acetate (3 

X 100 mL) to give 1.63q (32%> nf r J 

9 1 %> of L- X-acetamido-2-furanacetic 

^cid. 

mp 169-171 °C. 

26 . 

It7\] D[c = l, MeOH ] = +1 8 2*. 


er 
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EXAMPLE 34 


25, 



'»* »■> w.. added to th s A " ~ “ l "“” 

•11 or th. acid had .. 5U!PenS1 °" d ”P“i« until . ; 

i, Grade „ (20 ^ P " "» — 1 — 

11 (2 ° m< 3'. activity = 900 , lni( . / 

Company, cat. Ho . A e376) /m9 ' Sig ™ d ha m ical 

A 8376) was then added to t-h- ^ 

•nd the mixture stirred t , ab ° Ve SOl " li ” 

stirred at 34-37-c (41h) Tho 

“*s then ended to suspension 

with a temperature and acidified to pH 1.5 

lth aqueous In HC1 H 

-d the £iltcat SUSPendSd matSCiai - filtered# ‘ 

ate was saturated with solid NaCl 

extracted with et-h i ' 3 then 

thyl acetate (3x250 mL) The », • 
acetate extract-.: . ’ Th com bined ethyl 

in vacuo and the ” Ha 2 S °4 1 * Th ® solvent 'was removed 

: UO^T The t ^ "" tCitUCated “ itH “** a — 

The white solid (0.75 a) hhjlh ~ 

- ^ that remained was' fi i , 

and was pure D(~)ol filtered 

mixed mp with an aij " aC ' tamid °" 2 ' fUranacet ^ acid; mp 168-169'c 
■V184.3-., ' U Sntic sample 168-l6 9 o C; 
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- 19 ) 


1 jSXAMPr.R is 

EmuaraX 'iQ'i orpj..r,.^ roi .„„ i , |n . 7 . r ,„. Ari<l 

An ethereal solution ofZnCI* 1 N. 28 mL. 0.028 mol) was added to a stirred 

5 0 lor 0 " °^ Ctl ’ yl acc ^ amido ' 2 *hromoacctatc (4.40 g, 0.019 mol) and furan (11.23 g, 

• mo) ,n dry tetrahydrofuran (100 mL). and allowed to stir at room 

1 aturc (5 h). The mixture was then treated with H 2 0 (EOmL). the organic 

Phase separated, and the aqueous layer extracted with CH 2 C1 2 (2 x 100 mL). The 

orgame layers were combined, dried (Na 2 S0 4 ) and the volatile materials were 

d by distillation invililia to give approximately 4.00 g (97%) of light-brown 

semi-solid materia,. TLC analysis showed a major spot at R r 0.30 (99 1 

■1 5 chloroform, methanol). The desired compound. D.L-ethyi 

ace am. o-2-furanacelate. was purified by fiash columrilchromalography on 

aihca ge, using 99:1 chioroform/methano, as the eiuent to give 3.00 g (87%, of a 
beige solid. 

mp 68-70 °C. 

. 20 

OOri^rr “' aCCtamid °- 2 - furanacatata «-00 g. 19 mmol) was dissolved i„ 

. . 90.1 ethanoUwater (180 mL, and then KOH (2.00 g. 35 mmoi, was added and the 

. resu mg solution stirred at room temperature (48 li). Tile reaction was 

^^centrated HHffl and the residue diluted with I1 2 0 and then washed with 

^ ’ Cr 3 * 50 mL) ' Th0 a 9 ucous layer was then made acidic with a 8.5% 
q s solution of H 3 P0 4 and extracted with ethyl acetate (3 x 150 mL) The 
30 orgame layers were combined, dried (Na 2 S0 4 ), evaporated to dryness iny^to 
give the desired compound. 

Yield: 2.65 g (76%). 

Rf 0.37 ( 8 : 1:1 isopropanol/NH.jOH/ IloO). 

35 mp 172-174 °C. 



e vnl , . EXAMPLE 3fi 

^"McLhylinorpliolinG (n nn r 

2-acctamido-4-pcntenoic ac j c j (Q ^ ^ r ' vas add « d to « birred solution of 

- 10 * -15 °C under N 2 . After sti ^ ‘ ^ tCtrab * drofura ” WO ml) at 

mmol) W a S added loading to n 2 ^ Chl0r ° r ° rmate (0 * 75 5. 5.70 

allowed to proceed for 2 add^ PrCaP,LaU ° n ° f a whl ‘ tc solid. The reaction was 

W-61 g. 5770 mmol) in tetrah ^ ^ ^ bcnZy,nmine 

^er stirring ( 5 min ) at roLT ^ ^ ^ Sl ° Wly ** * 10 l ° ‘ 15 ° C * 

filtration. The filtrate was /evapo^^T ’ ^ W3S rCm ° Ved ^ 

with ethyl acetate and the • ° rynGSS a ° d the residue wa s triturated 

Product. ’ rernaming white solid was filtered to 3 deld the desired 

Yield 0.81 g (64%). 

Rf 0.36 (4% methanol/chloroform) 

;;;- 120 ° c frem eUlyI 
lH ®MSO-d 6 , 5 1.83 (s. COCII 3 ), 2.22-2.49 ( run 

: Hz. Cn 2 Ph>. 4.25-4.33 On. CII). 4.99-5.09 ( m CH 2 CH CII "' 2G J = ^ 

8.05 J-7.C Hz. Nil), 8.46 (brs. Nil,. . ° ^ 5 H,I P- 

13 CNMR(DMSO-d r ) 22 4irr’nP» , 

(CH, 117.15 (CH 2 CH-CH 1 2G f 24 <CH ’ CH - CH * <ch 2 p„, 52 . 20 
von2^«-UH 2 ). 126.54 (CaO 12G QQ (vr 

2C 3 .). 134.25 (CH 2 CH=CH 2 ). 139 .22 ( Cl .) 1G9 02CCOCH ZlTn 3 ’ 128 W <2C2 ' ° r 

MaSS SPCClrUm ' "* <~I«Uv. intensity) 24G (U* 4) 205 ie3 T ^ ■ 

(33). 91 ( 77) , 70 (loo). - • *>■ 205 (4), 1G3 (15). 140 (8), 10G 

Elemental Analysis! 

Calculated* 

r . ' 68.27%C; 7.37% H; 11.37% N 

Found: „ 0 

58.55% C; 7.31% H; 11.48% N. 
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Mass s Pcclruin m/c (rcliLi v » • . 

■ <** ns aoo,. xoo (23 , ” ( ; 2) C " S,ty) 292 (M++1 - »• 233 «* -a 05). 157 <10 „, 

Elemental Analysis: 


’ 5 


Calculated 

Found; 


G1.84%C; 7.26% H; 
G1.G7 % C; 7.10% H; 


14.42% N. 
14.14% N. 
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Sxiiliicsi^ nrrn t ^ o a exam ple 37 

A n . . ~ t£il4yhZ.-fl-inprplio1,np) rirnf < nniifln. 

benzylamine (0 ^ ^ 2 ' 56 min0,) ' 

methanol (5 mL) was sUrrcd^TL-GT^fl^ 7^ ^ ^ 

- , r :r ?* ^ *- — - - - 

- • m^u WM _:r:rr “ ^ — — 
ch ~-^ (2% melhanol/cIilororo ; m) 

trace amount (0.09 g)of(DL> 2 „ , ., he m.tml fractions gave a 

Cont i nue d e 1 ut i o„g V eaTar„r < 

. additional amounts (0.20 g) of the tin* ^ 

Yield: 0.09 g (n % )m . 

nip 135-138 °C. 

13.6 He. NHCH) 4 23 ^T-Sah^' ^ ^ J = 13 ’ 6 ^ NHCII) ’ 3GG (d - J = 

r ■ 8 - 2 ° w - j • 8 -° * -v^TiTi: 80 Hz - CII) - 7 - 05 - 7 - 3s ( - 10 . 

c NMR (DMSO-dg) 22.63 (COCHo) 42 11 frw wo r 
^5 (0. m70(C^ 127.13, 128.00,128. 13, 1 2S ^ ^ ^ 

»r ClO, 169.61 (C0CH 3 ). 169.90 (CONH) ppm . 1 ^ l0 ' U0 ' 12 (C 1 

rA«.JMc C fam«fe.Ar.^ 

Yield: 0.48 g (64%). 

Rf 0.3,5 (4% methanol/chloroform). 

rnp 171-172 • (recrystallized from ethyl acetate). . 

CII 2 0CII 2 ), 4 iton cil (S ' r . C 0 OCH3) ‘ 2 ‘ 30 ' 2 - 4 ° (m * CII 2NCH 2 ), 3 .51 (br s. 

«W - CII> ' 7 - 18 ' 7 - 25 ^ 5 **» - 

13 C (DMSO-d G ) 22.39 (COCIIo) 49 2n cru ^ 

iGIl20CH 2 ,, 126.76 (C,, ,27 n ( c c (CH2NCHaX GG -° 3 < CH * G ^ 

a ^^2' 0r 2Cr) 12R 9 ** ror* 

: - ; 3 h ^ 8 - 23 (2C 2' or 2C r ). 139.42 (C T •). 



EXAMPLE 38 

i . \n( lesis qT (PJ j)-Kthyl 2-ncctnm i do-2-(cthvl«miino)ncelntn 1 

A cold (-78 °C) solution of ethyl2-ncetamido-2-bromoacctatc (2.10 g. 9.38 
mmol) in dry tcLrahydrofuran (80 niL) was added slowly into a cooled (-78 °C) 
tetrahydrofuran (20 mL) solution of incthylamine (1.40 g, 31.04 mmol) over a 
period or 20 min. The reaction was stirred at -78 °C (1 h), and then at room 
mperaturc (1 h). The precipitated salt was filtered and the filtrate concentrated. 
The residue was purified by flash column chromatography on Si02 using 3% 

methanol/chloroform as the eluent to yield the desired compound as a light yellow 
oil. 

Yield: 0.90 (51%). 

rtf 0.36 (4% mcthanol/chloroform). 

1 H NMR (CDC1 3 ) 0.93 (t, J = .6.7 Hz, NHCH2CII3), 1.12 (t, J = 6.8 Hz. OCH2Cir 3 ), 
1-87 (s, COCII3), 2.48 (q, J = 6.7 Hz. NIIOII 2 CH 3 ), 4.05 (q. J = 6.8 Hz. OClI 2 CH 3 ), 

5.05 (d, J = 7.1 IIz, CII), 7.09 (d, J = 7.1 Hz, Nil). • 

1 3C NMR (CDCI3) 13.64 (NHCH 2 CH 3 ). 14.55 (OCH 2 CH 3 ), 22.53 (COCH3), 39.06 

(NHCH2CH3), 61.38 (CII), 64.14 (OCH2CH3), 170.09 (COCII3), 170.20 

(COOCH2CH3) ppm. . - . 
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EXAMPLE 39 

Using the procedures described herein, the 
following examples are also prepared.* 

r ( 0 , 1 . ll-Acctamido-N-benzy 1-3- fiuanacetami.de 

-> ( d ,L)J.-Acg tamido-H- ( 2-£ luorobenzyl ) -3-furanace tamide 

D,L).A -Acetamido-N- ( 3-f luorobenzyl ) -3-f uranacetamide 
“ Acet 3">ide-N- ( 4 -f luorobenzyl) -3-f uranacetamide 
Ace tamide-N-benzyl- 2 -aminoacetamide 
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jj.CPflrptiQ. ri . pr tt-IIpferpntom Subs| .i| v l V r I Amino Acids. Synthesis or Ethyl 
Acctnmi jg 2-spb5litutPd , Acetates. fien p ral Procedure 

cooled ( 78 C) solution of ethyl 2-broino-2-acclamicloncclalc (1 
cquiv) m rilF (1 mmol/10 inL) was added slowly to a TJIF (1 mmol/d mL) solution 
or the nitrogen nucleophile (5-10 equiv) at -78 °C. The reaction was stirred at this 
temperature (0.5 h) and then at room Lcmperature (1 h). The insoluble materials 
were filtered and washed with THF. The filtrate was concentrated in vacuo and 

the residue was purified by flash chromatography on Si0 2 gel (using the indicated 
solvent as the eluent) to give the, desired product. 


prepared . 


.. Using-.this-procedure the following examples were 
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... 25 . 
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EXAMPLE 40 


Synthesis oT Ethyl 2- A cetamido-2-nminoacctate. 

Ethyl 2-bromo-2-acctamidoacctate (2.00 g, 8.93 mmol) and liquid NH3 
(5-6 equiv) yielded a light brown residue, which on purification by flash column 

chromatography on Si0 2 gel (5% MeOH/CHCl 3 ) gave the desired product as a 
yellow oil. 

Yield: 1.00 g (70%). 

Rf 0.21 (5% MeOH/CIICl 3 ). 

* H NMR (CDC1 3 ) 5 1.31 (t, J = 7.1 IIz, 3 II), 2.03 (s, 3 I-I), 2.61 (br s, 2 H), 4.24 (q, J = 
7.1 Hz, 2 H), 5.21 (d, J = 7.1 Hz, 1 H), 7.50 (d, J = 7.1 Hz, 1 II). 

13 C NMI1 (CDCI3) 13.72, 22.68, 59.70, 61.73, 170.40, 170.68 ppm. 
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EXAMPLE 41 


10 


1 ^ 2.A g P.t.aTTlido-2-fmP tliv1 a ,nino>nrpl.nt>. 

Use of ethyl 2-bromo-2-acctamidoacctate (2.00 g, 8.93 mmol) and . 
McNH 2 (2.o0 g, 80.6 mmol) gave an oily residue (1.50 g). The residue was purified 

by fiash column chromatography on Si0 2 gel (3% MeOIJ/CIICl 3 ) to yield the 
desired product as an oil. 

Yield: 1.00 g (65%). 

1H CCDC ' 3) 5 1 ’ 32 (t - J = 7 ’ 1 Ife . 3 H). 2 -07 b. 3 H), 2.36 (s. 3 II). 4.26 (q, J = 7.1 
Hz, 2 H), 5.20 (d, J = 7.4 IIz, 1 II), 6.60 (br s, 1 H). 

• C NMR (CDCI 3 ) 14.02, 23.06, 30.84, 62.04, 65.72, 170.09, 170.40 ppm. 
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EXAMPLE 42 


1 Synthesis o! Ethyl 2-Acctamido-2-(N.N-dimcthvlamino)acctate . 

Ethyl 2-bromo-2-acctamidoacctate (2.00 g, 8.93 mmol) and Mc2NII (5-G 
cquiv) gave the desired product as a yellow oil. 

.5 Yield: 1.50 g (89%). 

NMR (CDC1 3 ) 8 1.25 (t, J = 7.1 Hz, 3 II), 2.02 (s, 3 II), 2.23 (s, 6 II), 4.10-4.25 (in, 2 
H), 5.24 (d, J = 8.3 Hz, 1 II), 6.59 (d, J = 8.3 Hz, 1 H). 

13 C NMR (CDCI3) 14.05, 23.00, 40.28 (2 C), 61.84, 69.24, 169.38, 170.57 ppm. 

10 : 
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EXAMPLE -43 

Synthesis of Elhvl 2-Acctainido-2-M-mnr»holine)acctatc . 

Using morjiholinc (1.71 g, 19.64 mmol) and ethyl 2-bromo-2- 
acetamidoacetate (2.00 g, 8.93 mmol) gave an oily residue, which was purified by 
flash column chromatography on Si02 gel (2% MeOH/CIlCl3) to give the desired 
product as a thick oil. 

Yield: 1.90 g (93%). 

RfO.29 (3% MeOH/CHCl 3 ). 

X H NMR (CDCI3) 5 1.32 (t, J = 6.8 Hz, 3 II), 2.07 (s, 3 H), 2.43-2.72 (m, 4 II), 3.58-3.78 
(m, 4 H), 4.26 (q, J = 6.8 Hz, 2 H), 5.27 (d, J = 7.9 Hz, 1 H), 6.39 (d, J = 7.9 Hz, 
1 II). 

13 C NMR(CDC1 3 ) 14.21, 23.25, 48.47 (2 C), 62.06, 66.71 (2 C), 69.22, 169.00, 170.46 
ppm. 
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EXAMPLE 
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S ait1'C!ii!i Qf^l.livl 2-Aceton,i, | ».iUN.» n i1i^v,^. Y . 

Use of aniline (1.83 g. 19.6 mmol) and ethyl 2-bron,o-2- 

acoUimidoacetatc (2.00 g, 8.93 mmol) provided a brown residue which was 

purified by flash column chromatography on Si0 2 gel (CHCl 3 -2% MeOH/CHCl.-, 
gradient) to yield the desired product. 

Yield: 1.80 g (85%). 

Rf 0.52 (4% McOIT/CHC 1 3 ). 

mp 87-89 °C (recrystallized from ethyl acetate/petroleum ether).. 

>H NMlt (CDClo) 5 1.29 (t, J- 7.111a, 3 II), 1.81 (s. 3 II). 1.27 (q, J. 7.1 Ila. 2 II). 5.89 
Cd, J = 8.2 Hz, 1 H). 6.13 (d. J = 8.2 Hz. 1 H). 6.G8-6.71 (m, 2 II), 6.80-6.83 (m. 1 
Ii), 7.17 7.22 (m, 2 H). Hie remaining amino proton was not detected. 

13C NMR (CDCI3) 13.96, 22.98, 60.19, 62.1 1, 113.87 (2 C), 119.29, 129.37 (2 C), 111.09. 
169.77, 170.14 ppm. 

1R (KBr) 3340, 1720, 1635, 1590, 1490, 730, 710 air 1 . 

Moss spectrum (FD) 237 (M++ 1 ). 

Elemental analysis 

Calculated for C 12 II 1G N 2 0 3 61.00% C; 6.83% H; 11.86% N. 

° UnC * G0.88%C; 6.56% II; 12.00% N. 


35 
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EXAMPLE 45 

aminopyrazolc (1.85 g, 22 32 jjj, '’ ,C0U '"" d0aCCtate (20 ° S- 8 82 '»"»!) and 3- 
chromatography on Si0 2 go. ( 2% Tl 

yellow oil. gave Ihe desired producL ns a 

Yield: 1.80 g (89%). 

Rf 0.35 (8% MeOH/CIICl 3 ). 

z : :.;t 

detected. * le rcma,n,n g ammo proton was not 

r* . «,« „„ , a 
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AMPLE * «Q 

Smib£sis ' ai - E1 ^^ 

anl.ydm mT 0U ’^ 2 ' 1 ’ ro " ,,, - 2 - n “^'»i<IoacelaU ! ( 2.10 g, 0.37 „m,o 1 ) and 

™ ; C (a93 t 28 00 • - -dne _ 

u» d esirod produ 7 Ch 7— -n Si02 g c, «» M.0H/CIICI3) u, give 

poauct. Tho product was rccryslollirod from Firm 1- ■ 1 

-flaky solid 0,n IjLU11 >-o give a white 

Yield: 1.00 g (61%). 

Rf 0.24 (5% MeOH/CHCl 3 ). ' ’ 

m P H9-121 °C. 

1H NMR <DMSOd ‘> * >■» ft J - 6.9 Hr, 3 Ift 1 W h 3 H w ln , r 
,3C NMR (UMS °-^) 14.05. 22H6, 60.82, 67.37, 160 1, , G9 „ 8 „ 

U1 (KBr) 3300, 1750, 1060. ,510. 1300. 610 ... " 

Mass spectrum (FD) 177 (M++ 1 ). 

Elemental analysis 

Calculated for Cfi!I; 2 ,‘\J ;: o.j 40.01 %C; 6.87* , I; 15.00 % N 

round . * 

40 . 79 % C; 6.87% II; ig.nms, m 



EXAMPLE 47 
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■Synthfl gig gf Ethyl 2-Aqetamido-2-(N- (N-meLhv1hvdroxvamino))acctatc . 

McNHOH (17.39 mmol) (prepared from MeNIIOHIICl (2.00 g, 23.95 
mmol) and NaOMe (0.94 g, 17.39 mmol)), and ethyl 2-bromo-2-acetamidoacetate * 
(i.OO g, 4.46 mmol) gave an oily residue. The residue was triturated with EtOAc (5 
mL) and the solid that remained was filtered and recrystallized from EtOH to givd 

the desired product as a white solid. 

Yield: 0.70 g (82%). 

Rf 0.34 (5% MeOH/CIICla). 
mp 148-150 °C. 


NMR (DMSO-dc) 5 1.17 (t, J = 7.0 IIz, 3 II), 1.89 (s, 3 H), 2.37 (s, 3 II), 4.00-4.20 
(m, 2 II), 5.04 (d, J = 9.2 IIz, 1 II), 8.17 (s, 1 II), 8.43 (d, J = 9.2 IIz, 1 II). 

13 C NMR (DMSO-dg) 14.04, 22.28, 43.78, C?. 79, 71.46, 168.29, 170.23 ppm. 

IR (KBr) 3320, 3200 (br), 1760, 1660, 1530, 1470, 720, 640 cm- 1 . 

Mass spectrum (FD) 192 (M++1). 

Elemental analysis 


Calculated for C 7 H 14 N 2 O 4 O .25 II 2 0 
Found 


43.18% C; 7.51% II; 14.39% N. 
43.28% C; 7.25% II; 14.64% N. 


EXAMPLE 48 
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15 


Synthesis gf Eth yl 2-Aiptamido-y : (N-(N,0-dinicth v 1hvdroxvaniin()V)acctatn . 

McNHOMe (17.40 mmol) (prepared from McNHOMellCl (2.18 g, 

22.32 mmol) and NaOMc (0.94 g, 17.40 mmol)) and ethyl 2-bromo-2-acctamido- 

acelate (1.00 g, 4.46 mmol) gave a residue which was purified by flash column 

chromatography on Si0 2 gel (1% MeOH/CHCI 3 ) to give the desired product as an 
oil. 

Yield: 0.60 g (66%). 

RfO.53 ( 2 % MeOII/CIICIa). 

NMH (CDC, 3 ) 5 .- 1 - 35 U" J = 7.0 Hz. 3 H). 2.12 (s, 3 H), 2.62 (s. 3 H), 3.46 (s. 3 H). 
4.30 (q, J = 7.0 Hz. 2 II). 5.36 (d. J = 8.9 Hz, 1 II), 6.6G (d, J = 8.9 Hz. 1 H). 

13 ° NMR (CDC] 3) 14.06. 22.89, 40.30, 60.01, 61.89. 70.16, 168.14, 170.53 ppm. 
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5 stirred at 45-50 ”C (18 1 >) Tl I q ,n MeOH O mmol/25 nl) was 

— ed usine cilllor u,e ^ ~ 

Si ° 2 - -**> «* indicated so, cent as an 

° P , we , usi " 9 tM - ~ - — t„ g examples _// 
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— ■ ■ uu ■ 

( 080g 75 (1.00 g . 0. 25 , mm)l) . bonzylnmilio 
v ou e> 7 5 mmol) and NaCN (0 nvnpr 

on sUmding (18 h). The reaction rn t mm ° ^ 3 Wh ' Ch S ° Iid,T,cd 

white solid which rem ' , was triturated wiLh Et0 Ac (20 mL). T|, e 

lization from ^oZ ™ — — by recystai- 

Yield: 1.00 g (72%). . . ' 

Rf 0.21 (5% MeOII/CHCl 3 ). ' 

mp 131-133 °C (dec.). 

“H NMR ®MSO.d c) 5 1.83 ( 5 , 3 H) . 2 . 35 (1>r , 3 ffl < „ . . y „ 

T-vntr , T ’ J,428(d ’ J = 4.4Il7. t 2II) 4 91M 

IR (ICBr) 3300, 1050 (br),1530 (hr), 1-150. 740 cm-1. 

Mass spectrum, m/e (relative intensity) 222 (M* + l, loo), 221 (M* 20) 133 f8) 

Elemental analysis ’ ^ J) ’ 133 (8 ). 

— ; 6 ,3. H; 18.99% N. . 

59.8G%C; 0.88% II; 18.72% N. 


30 


35 


\\ 


tfV 



Ethyl 2-ncetamido-2-(mcthylamino)acctate (1.50 g, 8.G3 imnol).’ 
benaylamine (1.U g. 10.35 and NaCN (0.01 g, 0.82 anno,, gave a brown 

-u,u , licll was i)urifiod hy nnsh coI|imn chroninto(;rnphy oM gj02 Ko) (2% 

MeOH/CHCl 3 ) to yield the desired product. 

Yield: 1.00 g (49%). 

Kf 0.33 (3% MeOH/CIICl 3 ). 

mp 115-117 "C (recrystalliacd from ethyl acetnte/pelroleum ether). 

NMR (DMSO-do) 5 1.87 (s. 3 H). 2. 18 (s, 3 H). 4.20-4.29 (m. 2 H). 4.87 Cd. J = 7.1 

Ha. HI). 7.24-7.35 ( m . 5 II), 8. 14 (d. J . 7.9 Ha. 1 H), 8.55 (br s. 1 II). The 
remaining amino proton was not detected. 

13C NMR (DMSO-dfs) 22.52, 31.37. 42.04, G5.99. 12G.G8, 127.12 (2 C), 128.18 (2 C) 
139.28, 1G9.51, 1G9.83 ppm. 

IR (ICBr) 3240, 1G10 (br), 1500 (br), 1430, 725, G70 cnr*. 

Elemental analysis 

Calculated for C 12 Hi7N 3 0 2 61.26® C; 7.28% H; 17.86% N. 

Gl.12% C; 7.01% H; 17.71% N. 
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EXAMPLE 51 • • 

Siiiii»^ g ,. 9r2-Ac(?y a i T1 i ) jQ.^.], PD 7vl . 2 . (cLllvlaininnVnf . ptnini . fTo 

Using ethyl 2-acctamido-2-(cthylamino)acctate (0.90 g, 4.79 mmol), 
benzylarrune (0.62 g, 5.75 mmol), and NaCN (0.03 g, 0.51 mmol) gave an oily 
residue which was purified by flash column chromatography on SiC >2 gel (3% 

MeOH/CHCl 3 ) to give the desired product as a white solid. 

Yield: 0.35 g (29%). 

Rf 0.34 (4% MeOH/CHCl 3 ). 

mp 123-125 °C (recrystallized from ethyl acetate/hexane). 

1H NMR (DMSO-dg) 6 0.93 (t. J = G.8 Hz, 3 H), 1.81 (s. 3 H), 2.08 (br s, 1 H), 2.40-2.48 
(m. 2 H), 4.22 (d, J = 5.5 Hz. 2 H), 4.90 (d, J = 7.8 Hz, 1 H). 7.20-7.27 (m, 5 H), 

8.08 (d, J = 7.8 Hz, 1 H), 8.48 (L. J = 5.5 Hz, 1 H). 

C NMIUCDCI3) 15.14, 22.97, 37.G5, 43.53, G5.G8, 127.44 (2 C), 127.50. 128.G4 (2 C). 
137.73, 169.75, 171.20 ppm. 

1R (KBr) 3250, 1G20 (br), 1510 (br), 1450 (br), 740, G80 cm-1. 

Elemental analysis 

Calculated for Ci 3 Hi 9 N 3 0 2 G2.G3% C; 7.68% H; 16.85% N. 

F ° Und 62.69% C; 7.49% II; 16.65% N. 
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SYniJlfia ^ 

Employing ethyl 2-acctamido-2-(N-anilino)acctatc (2.00 g, 8.47 mmol) 

benzylamine (1.09 g. 10.00 mmol), and NaCN (0.04 g. 0.84 mmol) gave a white 

solid winch separated during the course of the reaction. The precipitate was 

filtered and punfied.by recrystallization from absolute EtOII to give the desired 
product. 

Yield: 1.10 g (44%). 
mp 183-185 °C. 

>H NMR (DMSO-d 6 ) 5 1.84 (s. 3 H). 4.31 (d. J = 5.8 Hz. 2 II). 5.67 (t. J = 8.1 Hz. 1 II). 
6.04 Cd, J = 8.1 Hz, l H). 6.59.6.64 Cm, 1 II). 6.70-6.72 Cm. 2 H). 7.06-7.11 Cm. 2 
H), 7.20-7.33 Cm, 5 H), 8.41 Cd, J = 8.1 Hz, 1 H), 8.72 Ct, J = 5.8 Hz, 1 H). 

13 C NMKCDMSO-de) 22.46, 42.25, 60.42, 113.21 ( 2 C), 117.22. 126.72. 127.10 C2 C) 

128.18 C2 C), 128.77 C2 C). 138.09. 145.88, 168.65. 169.70 ppm. 

IR (KBr) 3270, 1630, 1520, 1490, 1430, 740, 690 cm-*. 

Mass spectrum, m/o Crclativc intensity) 297 CM + , 2). 239 C7), 164 (28). 103 (100). 122 
(20), 121 (100), 106 (47), 104 (65), 93 (63), 91 (77). 

Elemental analysis 

Calculated for C 17 H 19 N 3 0 2 68.67% C; 6.44% H; 14.13% N. 

. . Found 68.94% C; 6.42% H; 13.92% N. 
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- example 53 

1 Synthesis of 2-Acctnni ido-N-bcn7.vl-2-(N-f3-Dvrazolvlamino))acctamidc . 

A solution of ethyl 2-ncctnmido-2-(N-(3-pyra7.oIylamino))accfnfc (1.G0 
g, 7.1 mmol) in McOIi (40 inL) containing bcnzylamine (0.83 g, 7.8 mmol) anil 
5 NnCN (50 mg, 1 mmol) was stirred at 45-55 °C (18 h). TLC analysis (8% 

MeOII/CHCl3) of the reaction mixture indicated the presence of only a minor 
amount of product. A second lot of NnCN (50 mg, 1 mmol) was then added and 
the reaction was allowed to proceed at 45-55 °C (6 h) and Lhen at room temperature 
10 (48 h). The solvent was removed in vacuo and the residue was triturated with 

ELOAc (15 mL). The insoluble solid that remained was filtered and purified by 
. (lash column chromatography on SiC>2 gel (7% MeOII/CIIClo) to give the desired 

product. 

15 • 

: Yield: 0.90 g (44%). 

Itf 0.35 (8 % McOII/CIIC1 3 ). 

mp 135-137 °C. 

»II NMR (DMSO-dc) 5 1.82 (s, 3 II), 4.29 (d, «J = 5.9 IIz, 2 II), 5.51-5.55 (m, 3 II). 7.18- 

20 

7.40 (m, GII), 8.3G(brs, III), 8.53 (hr s, III), ll.GG(brs, 1 II). 

13 C NMR (DMSO-do) 22.59, 42.29, G1.79, 90.68, 12G.G7, 127.07 (2 C), 128.17(2 0), 
129.10, 139.41, 153.53, 1G9.19, 1G9.G7 ppm. 

III (ICBr) 3230 (hr), 1G20 (br), 1500 (hr), 1430, 730, 090 enrh 

Mass spectrum, m/c (relative intensity) 288 (M + +l, G4), 287 (M + , 2), 230 (28), 229 
(100), 153 (4G). 

Elemental analysis 

30 Calculated for Ci^ 1 Ii 7 N g O 2 0.5 1 1 2 0 GG.47% C; <3. 127o II; 23.G3% N. 

Found 

35 


yD^ 


5G.G3% C; 5.79% II; 23.437 0 N. 
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Ilromivi Uon of Funcl.if 
Ux occdure . 


l£Qaim n_Subslitulcd Amino Acids. General 


A BD 13 solution (1 M in CII 2 C1 2 , 1.1 cguiv) was added to a solution or 

2-nceLamido-N-bcnzyl-2-ethoxyaccfamidc (1 equiv) in CII 2 C1 2 (10 mmol/]25 mL). 

r l lie mixture was stirred at room temperature (G h) and then concentrated to 
yncss ill vacuo to give 2-ncclnniido-N-bcnzyl-2-bromoacetamide as a pale yellow 
crystalline material. The bromo adduct was then dissolved in TIIP (10 inmol/250 
mL), cooled (-78 °C), and then added over a 15 min interval to a cooled (-78 °C) 
solution or the hclcroatom nucleophile in TIIP (1 mmol /1 mL). The reaction • 
mixture was sLirrcd at this temperature (,70 min) and then at room temperature 
(90 min). The insoluble salts were Filtered and the nitrate concentrated in vacuo. 
The residue was then purified by Hash column chromatography on Si0 2 gel using 
the indicated solvent as the eluent. 

Using this procedure the following examples were 


prepared . 



EXAMPLE 54 


Synthe sis of 2-Acctami do-N-bcnzv1-2-(N.N-dimethvlnmino)ncetamide . 

• By making use of 2-acclainido-N-benzyl-2-eLhoxyacclainidc (3.00 g, 

12.0 mmol), BBr 3 (I'M in CH 2 CI 2 . 13.2 mL, 13.2 mmol), and Me 2 NH (5-G equiv) was 
obtained a brown residue which was purified by flash column chromatography on 
Si02 gel (2.5% McOH/CHCl 3 ) to give the desired product. The product was 
rccrystallizcd from ethyl acetalc/hcxanc to give light yellow cubic crystals. 

Yield: 1.20 g (40%). 

Rf 0.30 (5% McOI1/CMC1 3 ). 
mp 104-106 °C. 

NMR (DMSO-d G ) 5 1.01 (s, 3 II), 2.U (s, 6 II), 4.22 (dd, J = 5.2, 14.7 Hz, 1 H), 4.34 
(dd, J = 6.1, 14.7 Hz, 1 II), 5.11 (d, «J = 8.3 Hz, 1 H), 7.23-7.31 (m, 5 H), 8.18 (d, 
J = 8.3 IIz, 1 II), 8.55 (br s, 1 II). 

13 C NMH (DMSO-d 6 ) 22.43, 40.33 (2 C), 42.28, 60.42, 126.73, 127.27 (2 C), 128.21(2 C), 
139.40, 168.40, 170.31 ppm. 

1R (KBr) 3280, 1670 (br), 1500 (br), 1460, 760, 700 cnr*. 

Mass spectrum (FD) 250 (M + +l). 

Elemental analysis 

16.85% N. 


Calculated for C 13 H 19 N 3 O 2 
Found 


62.63% C; 7.68% H; 
62.82% C; 7.66% H; 


16.69% N. 
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EXAMPLE 55 

Synthesis of 2-Acotamido-N-bcnzvl-2-( N-hvdroxvamino)acctamidQ . 

Using 2-acctamido-N-bcnzyl-2-ethoxyacetamidc (2.00 g, 8.0 mmol), 
BBr 3 (1 M in CH 2 C1 2 . 8.8 mL, 8.8 mmol), and anhydrous NH 2 OH (5-6 equiv) gave 
an oily residue. The residue was separated into three components by flash 
chromatography on Si0 2 gel (7.5% MeOH/CHCl 3 ). 

2-Acctamido-N-hen7.vl-2-(N-hvdroxvamino)acctamidc . 

Yield: 0.14 g (7%). 

It r 0.30 (8% McOII/CIIC1 3 ). 

mp 144-146 °C (dec.) (recrystalli7.ed from ELOH) 

1H NMR (DMSO-d 6 ) 5 1.88 (s, 3 11), 4.31 (d, J = 5.7 Hz, 2 II), 5.08 (dd, J = 4.4, 8.1 Hz, 
1H), 5.94 (dd, J = 2.8, 4.4 Hz, 1 II), 7.19-7.35 (m, 5 II), 7.52 (d, J = 2.8 IIz, 1 ID, 
8.26 (d, J = 8.1 Hz, 1 II). 8.42 (t, J = 5.7 Hz, 1 H). 

13CNMIt(DMSO-d 6 ) 22.69, 42.25, 67.86, 126.69, 127.14 (2 C), 128.18 (2 C), 139.08, 


20 


25 ; 


30 


35 


168.53, 169.67 ppm. 

IR (KBr) 3320 (br), 1660 (br), 1540 (br), 1460, 750, 700 cm* 1 '. 

Mass spectrum (FD) 238 (M + + 1). 

Elemental analysis 

Calculated for Ci ill i5N 3 0 3 55.69% C; 6.37% H; 17.71% N. 

Found 55.86% C; 6.37% II; 17.38% N. 

Dimer A . 

Yield: 0.05 g (3%). 

RfO.27 (8% MeOH/CHCl 3 ). - 
mp 177-179 °C (recrystallized from EtOH). 

1H NMR (DMSO-dg) 5 1.82 (s, 6 H), 4.25-4.34 (m, 4 II), 5.21 (d, J = 9.3 IIz, 2 II), 7.20- 
7.33 (in, 10 H), 8.16 (d, J = 9.3 Hz. 2 H), 8.26 (t, J = 5.8 Hz, 2 II), 8.51 (s, 1 II). 
13C NMR (DMSO-de) 22.54 (2 C), 42.30 (2 C), 67.55 (2 C), 126.63 (2 C), 127.13 (4 C), 
128.11 (4 C), 139.02 (2 C), 168.24 (2 C), 169.33 (2 C) ppm. 

IR (KBr) 3240 (br), 1640 (br), 1510 (br), 1450, 690 cm* 1 . 

Mass spectrum (FD) 442 (M + +l ). 


A 
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20 


Elemental analysis 

Calculated Tor C 22 H 27 N r> Or> 59.85% C; 6.16% H; 15.86% N. 

Found 59.56% C; 6.08% H; 15.64% N. 

Dimer D . 

Yield: 0.10 g (6%). 

R r 0.18 (8% MeOIJ/CHCl 3 ). 

mp 184-186 °C (recrystallized from MeOII). . '' • 

1 H NMR (DMSO-dc) 5 1.87 (6 II), 4.20 (dd, J = 5.3, 15.3 Hz, 2 II), 4.44 (dd, J = 6.2, 

15.3 Hz, 2 H), 5.28 (d, ,J = 9.0 Hz, 2 H), 7.15-7.31 (m, 10 H), 8.00 (d, J = 9.0 Hz, 
2 H), 8.39 (dd, J = 5.3 , 6.2 Hz, 2 II), 8.51 (s, 1 H). 

!3C NMR (DMSO-d 6 ) 22.50 (2 C), 42.58 (2 C), 69.98 (2 C), 126.73 (2 C), 127.23 (4 C), 
128.22 (4 C), 139.08 (2 C), 167.60 (2 C), 169.57 (2 C) ppm. 

IR(KBr) 3300 (br), 1660 (br), 1530 (br), 1450, 740, 700 cm*l. 

Mass spectrum (FD) 442 (M + +l). 

Elemental analysis 

Calculated Tor C22H 2 7N 5 0 5 59.85% C; 6.16% H; 15.86% N. 

. Found 60.09% C; 5.93% H; 15.76% N. 


25 ; 


30 


35 




; EXAMPLE 56 

1 Improved Synthesis or 2-Acctnmidn;N-hpnzvl-2-(N-hvdroxvarnino)acetamid g. 

2-Acclamido-N-benzyl-2-bromoacetamidc (prepared from 2- 
acetamido-N-benzyl-2-ethoxyacetamide (3.00 g, 12.0 mmol) and BBr 3 (1 M in 
5 CII 2 CI 2 , 17.2 mL, 17.2 mmol)) was dissolved in THF (250 mL), cooled (-10 °C), and 
then added dropwise (30 min) to a suspension of NH 2 OII (5-6 cquiv) in TIIF (50 
mL) at -10 °C. The reaction mixture was stirred (30 min) at this temperature and 
then allowed to warm to room temperature (1 h). The insoluble materials were 

Q ' /■ 

filtered and the filtrate was concentrated in vacuo . The residue was separated 
into two components by flash column chromatography on SiC>2 gel (7.5% 

McOI I/CIICly). 


2-Acetamido-N-bcnzvl-2-(N-hvdroxvamino)acctamide . 
Yield: 0.66 g (23%). 

mp 144-146 °C (dec.) (recrystallizcd from ELOH). - 
Dimer B . 

Yield: 0.10 g (5%). 

mp 184-186 °C (recrystallizcd from MeOII). 

Dimer A was not observed under these conditions. 


/, 25 ; 


\ vV 
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mlhcsis 


EXAMPLE 57 


l-ucnzi 


?henvIhvdrazino)acetamide. 


Using 2-acetamido-N-bcnzyl-2-elhoxyacetamide (2.00 g, 8.0 mmol), 
13Br3 (1 M in CH2CI2, 10.0 mL, 10.0 mmol), and phenylhydrazine (2.60 g, 24.0 
mmol) gave a pale yellow oily residue which was purified by flash column 
chromatography on S1O2 gel (2% MeOH/CIICla) to give the desired product. The 
product was rccrystallizcd from chloroform/hexane as a light yellow solid. 

Yield: 0.75 g (29%). 

It r 0.2G (2% McOII/CIIC 1 3 ). 
mp 132-134 °C. 

Ul NMR (DMSO-dc) 5 1.89 (s, 3 II), 4.28 (d, J = 5.8 Hz, 2 H), 4.89 (d, J = 5.2 IIz, 1 II), 

’’ 5.09 (dd, J = 5.2, 7.4 IIz, 1 H), G.G1 (l, J = 7.4 Hz, 1 H), G.70-7.28 (in, 10 II), 8.29. 

t (d| J = 7.4 Hz, 1 H), 8.60 (t, J = 5.8 IIz, 1 II). 

13C NMR (DMSO-d 6 ) 22.88, 42.22, 66.22, 112.66 (2.C), 117.57, 126.65, 127.08 (2 C). 

128.15 (2 C), 128.53 (2 C), 139.12, 149.90, 1G8.GG, 170.04 ppm. 

1R (IU3r) 3300, 1G40 (br), 1G10, 1520 (br), 1460, 760, 700 cm-1. 

Mass spectra (FD) 313 (M + +l). 

Elemental analysis 

Calculated for C17H20N4O2 65.37% C; 6.45% II; 17.94% N. 

Found 65.15% C; 6.25% H; 17.71% N. 


35 



EXAMPLE 


58 

Synthesis of 2-Acctomido-N-bcnzvI-2-(N 2 -bcnzvloxvco rbQnvlhvd razin9)acqtamid . Q . 

Employing 2-acctamido-N-bcnzyl-2-ethoxyacetamidc (3.00 g, 12.0 
mmol), BBr 3 (1 M in CH 2 C1 2 , 15.0 mL, 15.0 mmol), and benzyl carbazalc (4.58 g, 
27.6 mmol), 0.95 g (21%) of the desired product was obtained. The product was 
recrystallized from chloroform/hcxane to give a white amorphous solid. 

Il r 0.32 (2% MeOII/CIICla). 
mp 152-154 °C. 

*11 NMR (DMSO-d 6 ) 5 1.85 (s, 3 II), 4.2? (d, J = 4.4 Hz, 2 II), 5.00 (s, 2 II). 5.14 (dd, J" 
= 3.1, 8.0 Hz, 1 H), 5.23 (t. J = 3.1 IIz, 1 II), 7.25-7.35 (m, 10 II). 8.26 (d, J = 8.0 
Hz, 1 II), 8.56 (br s, 1 II), 8.6G (hr s, 1 II). 

13C NMR (DMSO-d 6 ) 22.71, 42.23, 65.56, 65.97, 126.69, 127.16 (2 C). 127.61 (2 C), 
127.77, 128.13 (2 C), 128.27 (2 C), 136.74, 138.87, 168.04, 169.95 ppm. 

IR(KBr) 3325, 1620 (br), 1500 (br), 1440, 740, 680 cm-1. 

Mass spectrum (FD) 371 (M + + 1). 

Elemental analysis 

Calculated for Cif)II 2 2 N 40 ^ 61.61% C; 5.99% H; 


15.13% N. 


example 


. Synthesis of 2-AcQlarnido-N-bcn7.v1- 2-nhcnoxvacctnmide . 

Using 2-accLamido-N-bcnzyl-2-cthoxyacctamide (3.00 g, 12.0 mmol), 

I3Br 3 (1 M in CH 2 C1 2 , 15.0 mL, 15.0 mmol), and NaOPh (4.18 g, 30 mmol) gave a 
brown oily residue which was purifcd by flash column chromatography on Si0 2 
g ^ s'ng first CIICI3 and then 2% MCOH/CIICI3 as the eluents to give the desired 

product. The compound was rccrystallized from cldoroform/hexane. 

Yield: 0.80 g (22%). 

Hr 0.58 (3% MeOH/CHCI 3 ). ' 
nip 125-128 °C (soRens at 122 °C). 


H NMR (DMSO-do) 5 1.83 (s, 3 II), 4.35 (cl, J = 5.7 Hz, 2 H), G.18 (d, J = 9.4 Hz, 1 H), 

6.94-6.99 (m, 2 H), 7.02-7.33 (m, 8 II). 8.98 (t, J = 5.7 Hz, 1 II), 9.10 (d. J = 9.4 
Hz. 1 II). 

J 3C NMH(DMSO-d 6 ) 22.54, 42.24, 7G.44, 11G.09 (2 G), 121.78, 12G.84, 127.2G (2 C). 

128.25 (2 C), 128.44 (2 C), 138.84, 155.97, 1GG.G3, 170.73 ppm. 

Ut (KBr) 3300, 1G50 (br), 1G00, 1530 (hr),- 1490, 1450, 7G0, 700 cm- 1 . 

Mass spectrum (FD) 299 (M++1). 

Elemental analysis 

Calculated for Ci 7 H 18 N 2 0 3 0.5 II 2 0 66.43% C; G.23% H; 9.11% N. 
Found GG.G2% C; G.23% II; 9.1G%N. 



EXAMPLE* 60 


a gltllCSip gr? : Awhrniil1p-N-hcn7:v|.a.fn,oll,. l mRrr ,., n , J ,^ r< ., ! , mirl „ 

A cooled (-78 °C) solution of El 3 N (4.85 g. 48.0 mmol) in TIIF (20 ml,) 
was added to a cooled (-78 ”C) solution of 2-acetamido-N-benzyl-2-bromoacetamide 
(prepared from 2-acetamido-N-bonzyl-2-ethoxyacetamide (4.00 g. 1 G .0 mmol) and 
piSr 3 (1 M in CH 2 CI 2 . 20.0 inL, 20.0 mmol)) in THF (275 mL). A cooled (-78 ”C) 
solution or excess MoSH (5-6 equiv) in TIIF (55 mL) was then added. The reaction 
mixture was stirred at this temperature (30 min) and then at room temperature (1 
h). The insoluble materials were Tillered and the filtrate was evaporated to 
dryness inyaitm, The oily residue obtained was purified by Hash column 
chromatography on Si0 2 gel (2% MeOH/CHCl 3 ) to give 1.10 g (27%) of the desired 
product as a yellow orange oil. The product was purified by a second Hash 
column chromatography on Si0 2 gel (2% MoOH/CHCI 3 > to give 0.72 g of the pure 
product as a white solid. 

RrO.65 (3% MeOH/CHCl 3 ). 

mp 155-157 °C. 


>HNMK (CD 3 N0 2 ) 8 1.98 (s, 3 H). 2.08 (s. 3 11). 4.39 (dd. J . G.l. 15.2 IIz. 1 II), 4.49 

' (dd. J = 6.1. 15.2 Hz, 1 H). 5.51 (d. J = 7.8 Hz. 1 H), 7.15 (d. J = 7.8 Hz. 1 H), 
7.17-7.41 (m, 6 H). 


13 C NMR(CD 3 N0 2 ) 12.28, 22.94, 


44.2G, 5G.03, 128.46, 128.60 (2 C), 129.77 (2 C), 


140.17, 169.19, 171.06 ppm. 


IR (ICBr) 3320, 1G50 (br), 1520 Cbr), 1460, 750 cm' 1 . 
Mass spectrum (FD) 253 (M + +l). 

Elemental analysis 

Calculated for C 12 H 1 GN 2 O 2 S 57.12% C; 

Found 57.06% C; 


6.39% H; 11.10% N. 
6.57% H; 1 1.28% N. 
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. S 1,10 proccdure described for the synthesis of 2-acctamido-N- 

C^t?r^r er “ Pt0>aCeta,,,ide ' -V ; 

the desired pZueT -^r” ^ ^ C ° nVert ° d 10 °- 8 ° E (38%) of 

chioroform/h "" fUnher b * -crystailisotion from 

cnioroform/hexane to give a beige solid. . ' 

Kf 0.60 (4% MeOH/CHCl 3 ). 

mp 146-148 °C. 

1H TdTT^ 5 1 ' 56 (t ’ J = 7 ' 4 H " 3 HX 1 ' 88 (S - 3 H) - 2 - 49 - 2 -^ (".2 H,. 4.23 

H), 7.20-7.35 (m , 5 H). 8.59 (d. J = 9.1 Hz. 1 H). 8.75 (t. J = 5 9 Hz 1 H) 

13 C mm (DMSO-d 6 ) 14.73 22 43 23 73 ,o „ ■ } * . 

C) 1?q _ ’ ’ * ’ * °» 53 - 7 °. 12 6.87. 127.14 (2 C), 128.32 (2 

C), 139.01, 167.89, 1G9.02 ppm. 


IR (KBr) 3240. 1G20 (br). 1510 (br), 1415. 680. .640 


cm* 1 . 


Mass spectrum (FD) 267 (M++ 1 ). 

Elemental analysis 

' Calculated for C 13 H 18 N 2 O 2 S0.25 H 2 0 57 G5% C- r 

Found z o<. bo/faO, 6.88% H; 10.34% N. 

57.48% C; 6.84% H; 10.28% N. 



A mixture of 2 

telnXluoroborala f, • ' °' 2 ' tN ' N ’ N -WmelhvI amm • \ 

(1 eqmv), and thG nitrn„ yiammon *um)acetamici 

° /l mL) was E «"-od al 55 00 „ c (3 " nU Ophi,e M S equiv) i„ MeOH (1 

10 r “' duo Purified by fia sh column h ^ SO ' VCnt ^ ren, ° Ved and 

“*«t«,.„ Ivente as the ejuont _ — chromatography on Sio 2 geI using lhe 

r i — • . 


Prepared 


USin9 this Procedure the foll ' . 

owing exampi es Were 



EXAMPLL. 62 


1 
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10 


•15 


20 


25 , . 


S. yn thcgig qP 2-Acclamido-N-bcnzvl -2-(N-mcthoxvnmino)ncctnmidc . 

Using a McOH solution orMoONH 2 (prepared from MeONH 2 HCl 
(2.83 g, 33.9 mmol) and NaOMe (1.41 g, 26.1 mmol)), and 2-acetamido-2-(N,N,N- 
tnmclhylammonium)acetamide tetrafluoroborate (2.70 g, 7.67 mmol) gave an oily 
residue, which was purified by flash column chromatography on Si0 2 gel (2% 
MeOH/CHCl 3 ) to give the desired product. The product was recrystallized from 
chloroform/hexane. 

Yield: 0.80 g (42%). . 

Rf 0.23 (2% MeOH/CHCl 3 ) 
mp 95-97 °C. 

NMIt (DMSO-dg) 8 1.88 (s, 3 H), 3.38 (s, 3 H), 4.22-4.41 (m, 2 H), 5.18 (dd, J = 4.9, 
7.8 Hz, 1 H), 6.78 (d, J = 4.9 Hz, 1 H), 7.21-7.32 (m, 5 H), 8.33 (d, J = 7.8 Hz, 1 
H), 8.56 (hr s, 1 H). . 

13 C NMR (DMSO-dg) 22.64, 42.28, 61.42, 66.25, 126.74, 127.19 (2 C), 128.19 (2 C), 

„ 139.11, 167.95, 169.66 ppm. 

IR (KBr) 3300, 1650, 1620, 1510 (hr), 1440, 750, 680 cm-1. 

Mass spectrum (FD) 252 (M + +l). 

Elemental analysis 

Calculated for Ci 2 H 17 N 3 03 57.63% C; 6.82% H; 16.72% N. 

Found 57.06% C; 6.63% H; 16.65% N. 



1 


example 63 


D 




m thQsis °f -2iAg ^ ? irni^ n -^.{, p n 7; v 1 9 

5 U ^QlgthvIhvrfroTy ? ^^^^ :irrMT1lirTr 

McNHOH-HCI ( 2 r:' ULi0n <3 ° mL> ° fMeNHOH (21 - 74 »™» (P-P-od from 

— r" - Na ° Me (i - 17 - — — - - : 

E .25 mmol) gave a rosid ^ ' a ™ m on.um)acetamide tetrafluoroborate (2.20 g. 

on Si 0 2 gal ( 6% MoOH/ChJ , “ ^ C ° ,Umn Chr ° mat ° eraph ' 

Product was thou pun ^ d b ^ ^ Pr ° dUCt “ 3 "“*• 

Yield: 0.95 g (Gl%), 

Rf 0.32 (8% MeOH/CHC] 3 ). 
mp 159-161 °C. 

: , w - ** » *» »* ■> - « », . 

. ...» <"■»«. *» » 

m (KBr) 3440 (br), 3300. 1040. 1330, 1460. 750. 700 cm-1. 

Mass spectrum (FD) 252 (M++ 1 ). 

Elemental analysis 

:: ^! aladft ^-H^ 30 3 57.36. <* 6.82% H; 15 . 72 . N . 

57.65% C; 6.59% H; 16.66% N. 
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An Me° H solution (20 mL) of MeNHOMe (17.39 mmol) (prepared 

r i0M ° HC ' (2 - 2 ° «• 23 '° 2 “™» a » d N.OM. (0.94 g . 17.39 mmo„> and , 

5 97 m ' I 2 ' (N ' N ' N ' tnmet Mammonium)acetaniide tetraduoroborate ( 2.10 g. 

s; „ > £ Ve 3 S °' hd residue - Flash column chromatography of the solid on 

2 e ; 2% Mc0H/CHC W yielded pure desired product. The product was . 
re crystallized from EtOH. 

10 Yield: E30 g (82%). 

0.39 (2% MeOH/CHCl 3 ). 

m P 165-167 °C. 

.» TTT*’ ■ '-■»<- . ». . ». , , , , 

H), 8.31 (d, J = 9.4 Hz, 1 H), 8.5G (t, J = 5.9 Hz. 1 H) 

■ 130 N o rr* 6 ’ 22 ' 36, 39 ' g8, 42 34, 59 - is ' 7 °- 33 ’ « o. 128.21 ( 2 

20 C), 139.30, 167.38, 170.30 ppm. 

mtlCBr) 3300. 1640 (hr), 1540 (br), 1460, 750, 700 cm-1. 

Mass spectrum (FD) 266 (M++1). 

Elemental analysis 

=5; ? Calculated for C : 3 H 19 N 3 03 58.85% C; 7.22% H ; 15.84% N. 

Found __ 

u9.05% C; 7.37% H; 15.75% N. 
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EXAMTLE 65 

1 Smihesi£ -^ , , , N . • 

7, . 112 “ :V ' '^~1'*0*P*o1ldino)nor'lnm; f l,> 

Slng 2-acetamido-2-(N N N-trimntu ^ 
tetranuoroborato ( 1 . 60 g , 4 . 55 m . ’ tnme ^ la —on 1 u m )acota mi de 

5 bydrobromide (2.41 „ ir RI - ,SOXazohdlne (prepared from isoxazolidine 

desired product. The m0l) ^ Na ° Me ( °’ 70 g ’ 13 - 04 ®®o0) gave the 

white amorphous solid. Crystallized from chloroform/hexane to give a 

Yield: 0.80 g (64%). 

° R f°-29C4%MeOH/CHCI 3 ). 

m P 149-151 °C. 

2 H NMR (DMSO-dfi) 5 i Qj ~ 0 

. r “ w -» — « - 

"O 0 *»> 330 °’ 16 “- 740, 700. GIO cn,. 

Mass spectrum (FD) 278 (M++ 1 ). * 

Elemental analysis 

6016%C ’ 7.04% H; 15.07% N. 


35 




2-Acetamido-N-benzyl-2-clhoxyncetamide (1 equiv) was suspended in 

5 EL *° inL/10 mmol), and then BF3 EI2O (1.6-2. 4 equiv) was rapidly added and 

the resulting soluLion was stirred (10 inin). The nucleophile (H 2 0 or ElSII) (l.G-4.0 

equiv) was then added and the reaction was stirred at room temperature (18-48 h). 

The reaction was then quenched by the addition of an aqueous NaIIC03 (100 

10 mL/10 mmol)/ice mixture. The experimental workup varied slightly for each 

compound and is described in the following examples along with 
the observed spectral properties. 

M5 


20 
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EXAMPLE 66 


Synthes is or 2-Acctnmido-N-hpnzvl-2-hvdroxvacctamidc . 

Reacting 2-acctamido-N-bcnzyl-2-ethoxyacetamide (1.00 g, 4.0 mmol), 

BF3-Et20 (0.91 g, 6.4 mmol) and H 2 O (0.12 g, 6.7 mmol) followed by aqueous 

. 5 NaHCC >3 workup gave an aqueous reaction mixture. The solution was then 

extracted with EtOAc (3 X 50 mL), and the combined EtOAc extracts were dried 

(Na2S0,j), and concentrated in vacuo . The residue was purified by flash column 

chromatography on Si02 gel (3% MeOH/CHCls) to give the desired product as a 

white solid. 

Yield: 0.30 g (34%). 

R r 0.14 (3% MeOH/CHCl 3 ). 

mp 136-138 °C. 

• 15 

. 1H NMR (DMSO-d 6 ) 5 1.85 (s, 3 H), 4.29 (d, J = 5.9 Hz, 2 H), 5.48 (dd, J = 5.5, 8.6 Hz, 
1 H), 6.47 (d, J = 5.5 Hz, 1 H), 7.21-7.35 (m, 5 H), 8.52 (t, J = 5.9 Hz, 1 H), 8.59 
(d, J = 8.6 Hz, 1 H). 

20 !3C NMR (DMSO-d 6 ) 22.66, 41.99, 71.42, 126.66, 127.22 (2 C), 128.13 (2 C), 139.20, 

169.47, 169.62 ppm. 

■IR (KBr) 3300, 1620,. 1530 (br), 1430 (br), 730, 690 cnr*. 


25 


30 


Mass spectrum, m/e (relative intensity) 223 (M + +l, 1), 163 (11), 134 (9), 106 (46), 91 
(100), 77(22), 65(38). 

Elemental analysis 

Calculated for C 11 H 14 N 2 O 3 59.45% C; 6.35% H; 12.61% N. 

Found ' 59.24% C; 6.36% H; 12.50% N. 


35 
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EXAMPLE & 

S yn(-ligpip _ gr2-Arotpniidp- N-hon z vl- 2- ( cthv1mr!rrn I )to’)n r p|,nTni t ln . 

Using 2-acctamido-N-bcnzyl-2-cthoxyacetamide (2.00 g, 8.0 mmol), 

3 2O (2.72 g, 19.2 mmol) and ElSII (2.38 g, 38.4 mmol) gave an aqueous 
reaction mixture. The solution was extracted with CHCI3 (3 x 100 mL). The 

cd CIICI3 layers were dried (Na2SO^), and then concentrated in vacuo to 
give the desired product as white solid. 

Yield: 1.90 g (89%). . ' 

0 „ 

Rr 0.60 (4% MeOH/CHCl 3 ). 

mp 148-149 °C (mixed melting point with an authentic sample of Example 61 
was undepressed) . K v 
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example 68 

-'■ . . 

**** * " f1f;n7: Y l P i r otnrTMf | ^ 

aminoacctamido - 10 3 SOlUUO " ° r2 - aCClamid °- N - b °nayl-2- 

">« was added. The mix, mm ° ^ PJ_ridinc UO mL) and then CH 2 C1 2 (20 
volatile materials were J 7 ^ “ r °° m te ” P " atu - « W and then the 

saturated aqueous NaHCO , The r « id « "« then treated with a 

CO 3 solution (50 ml } r r^i« i*. 

lhe desi «d product and was fin da- ‘ d U ' at rCmained ~as 

MeOH. -asfiUered. dned (Na 2 S0 4 ,. and recrystal.ised from 

Yield: 1.20 g (92%). 
mp 265-267 °C (dec.). 

IR(KBr)32G0. 1530, 1500, 740. 690 cm-1. 

Mass spectrum (FD) 264 (M*+ 1 ) 

Elemental analysis 

Calculated for C 13 H 17 N 3 03 59 in <7 * 

Found -9.30% C; 6.51% H ; 15.96% N. 

59 - 16%C; G.49%H; 15.86% N. 
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EXAMPLE 69 


30 


ice cold , a cc^r~ anhydride “ "*> ^ one portion to 

-action was r nZy ' amin0aCOtamide a °° * 4 - 53 -01). The 

voioti,e pan,ed by th ° — •»«- — ^ „ min) . the 

'saturated a " rem ° V ° d “ ^ Th e «■*«. was treated wit,, a 

aqucous NaHC0 3 solution (20 mL) and the r., „ 
filtered and washed with H O , • ‘ remain ed was 

recrystallized ^ ^ P “ ^ 

Yield: 1.00 g (70%). 

0.34 (8% MeOH/CHCl 3 ). 

mp 228-230 °C. 

>H NMR (DMSO-d 6 ) S 1.90 (s, 3 H). 4.30 (d. J = 5 1 Hz 2 H) 5 85 M 

72i7 ? r, ’ * H) * 5 - 85 Cd, J = 8.0 Hz. 1 H) 

7.21-7.35 (m. 5 H). 8.64 (d. J = 8.0 Hz. 1 H) 8 75 (t T s , rr 

H). «J.«.75(t, J = 5.1Hz, 1H), 10.04(5,1 

13 C NMR (DAlSO-dg) 22.52 m 

C), 128.21 (2 C). 138.93. 156.14 ( q ' JCF-as^H I Tee ^ 126 ' 80 ’ 12? * 16 * 
ffi (Mr) 3300. 1720. 1660. 1S 20. 1380. 760, 70 0 cm-1. ^ ^ ^ . 

Mass spectrum (FD) 318 (M++ l). 

Elemental analysis 

: - 5%H: 13 ,4 %N . 

49.48% C; 4.43% H; 13. 10 %N. 
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EXAMPLE 70 

S ynthesis qT 2-Ac£tamido-N-bp n 7.v1-2-(N.N.N-t.rimcthv1ammonium')acct.nniidG 
Tetrnfluorobornf.n . 

A solution of 2-acetamido-N-benzyl-2-(N,N-dimethylamino)accLamide 
(1.93 g, 7.76 mmol) in nitromethanc (7 mLi) was added slowly to an ice cold 
solution of trimethyloxonium tetrafluoroborate (1.26 g, 8.54 mmol) in nitro- 
metliane (6 mL). The reacLion mixture was stirred at this temperature (15 min) 
and then at room temperature (2 h). Anhydrous Et 2 0 (-50 mL) was added to the 
reaction mixture and the white solid that separated was filtered, washed with 
Et 2 0, and dried in vacuo . 

Yield: 1.95 g (72%). 
mp 171-173 °C (dec.). 

J H NMR (CD 3 N0 2 ) 5 2.14 (s, 3 H). 3.18 (s, 9 H), 4.50 (d, J = 5.8 Hz, 2 H), 5.70 (d, J = 
9.3 Hz, 1 H), 7.30-7.41 (m, 5 H), 7.57 (d, J = 9.3 Hz, 1 H), 7.70 (br s, 1 H). 

IR (KBr) 3300, 1680 (br), 1530, 1490, 710 cm*l. 

Mass spectrum (FD) 264 (M + ). 

Elemental analysis 

Calculated for Ci 4 H 22 N 30 2 BF 4 47.89% C; 6.31% H; 11.97% N. 

Found 47.80% C; 6.33% H; 12.00% N. 
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EXAMPLE 71 



lO 


15 


A SOlUti ° n ° rm ‘ chl0r0pcrllcnz0ic acid (1.00 g (-65%). 3.76 mmol) in 
mL) was added dropwise into a stirred, cooled (-10 to -15 °C) CH 2 C1 2 

so ution (12o mL) or2.acetamido-N-benzyl-2.(ethylmercapto)acetamide (1.00 g. 3 76 

mmo.) under N 2 . Xh e reaction was stirred (30 min) at this temperature and then 

e m-c lorobenzo.c acid was precipitated as its ammonium salt by passing NH, 

Cas over the surface of the reaction solution. The excess NH 3 was removed by 

Passing N 2 gas through the solution (20 min) at room temperature The 

ammonium salt was filtered, and the filtrate was concentrated The 

residue was purified by flash chromatography on Si0 2 gel (2% MeOH/CHCl 3 ) to 

give the desired product. The product was recrystallized from chloroform/hexane 
as a white granular solid. 

Yield: 0.55 g (52%). 

Rf 0.23 (2% MeOH/CHCl 3 ). 
mp 135-137 °C. 

" 8 ^ d ™ Ha. 3 H). 1. 99 (s. 3 H, 2,0-2.56 (m. 1 H). 2.65- 

• 2 (m. 1 H), 4.34 (d, J 5.7 Hz, 2 H), 5.55 (d, J = 9.5 Hz, 1 H), 7.23-7.34 (m. 5 
H), 8.74 (d, J = 9.5 Hz, 1 H), 8.77 (t, J = 5.7 Hz, 1 H) 

- (DMS °- d6) 7 -° 3 ’ 22 -* — • — • -,5. 126.89, 127.27 (2 C), 128.24 (2 C, 

138.55, 164.66,170.18 ppm. 

IK (KBr) 3300 (hr). 1640 (br). 1510 (br), 1370. 1230. 1100. 1020. 900 cm-1. 

Mass spectrum (FD) 283 (M++1). ' 

30 

Elemental analysis 

Calculated for C 13 H I8 N 2 0 3 S 55.30% C; 6.43% H; 9. 92 % N. 

Found _, 

55.17% C; 6.38% H; 9.70% N. 
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EXAMPLE 72 
d- 2 -fS.pfi„ 
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dropwise into a stirred loi^ 04 ^ *' ^ H2 ° (20 ”« was added 

s ( mid ° (2 -°° «■ -c) in Me on th "' merc ° p to)acc ta - 

0 mL) Was added to the mixture to d‘ . PrCC,P,tate aPPeared rapidl * *20 
-notion was stirred (4 h) at most of the suspension, and the 

and the remaining aqueT” t<! . mPOratUre - ^ reaction was concentrated Jj 

-» ««..* c„o .Z l"''™ "• "~ d - «w ...» 

Th , <»■■».. .•* *. ... 

NMR analysis (DMSO-dg) of the rl ^ %) s °hdifi e d on drying jn vacuo , 

f .. 6 he product showed tfmf 

two diaste roomers of the desired product Th ”* * ^ mi3ttUre ° f tha 

•EtOAc to give nearly pure diastereemer A (1 20 reC °' Stalli “ d f "™ 

ciiioroperben2oic acid reaction. The EtOA " m th ° blai " ed fr ° m »' 

: th ° rcma ' n ' n (T residue (0.75 g) was recrystallil 7 ^ *" C ° nCentratCd a " d 
pve a diastereomeric mixture (0 4 1 g) r , h aceta te^exane to 

-tio. respectively. ^ ^ ^ tWa diaa ‘ a ~s 4 and B in a 2;3 

Kf 0.60 (4% MeOH/CHCi3). 

mp 135-137 ”C (soilens at 117 »C). 

Z (IQ3r) 3300 1640 Cbr). 1510 (br), 1370 1230 , ln 

Mass spectrum (FD) 283 (M++1) ’ ’ °’ 102 °. 900 cm-1. 

Elemental analysis: Calculated for C H m r\ 

Found: 55.58% C; 6.49% H; 9 . 97% N “ * “ S ™0% C; 6.43% H ; 9. 92% R 

The following NMR cn„e ( i 

*^pn^h^^ toa ^ A 

.Diasf r> reornpr A 

tH NJJR (DMSO.d 6 ) S 1.16 (t, J « 7. 5 Hz - „. , 

“■ 39 < m - 2 H). 5.56 (d. J = 9 7 Hz ’ H ’ ' (S ' 3 HX 2 <l9 ' 2 ' 72 2 *). 4. 28 - 

130 “« -0. 2 2 ,, d,48, 4 2 5 " 5 * 8 — <- 2 HX 

> Vv : «S.63,1«.73. 170. 25 ppm. ' ' ^ 12736 (2 C X 128.33 (2 C ). 




Hiastcronmrr H 

H NMR (DMSO-dg) 5 1.13 (t, J = 7.6 Hz, 3 H), 1.94 (s, 3 H), 2.49-2.72 (m, 2 H), 4.28- 

4.39 (m, 2 H), 5.71 (d, J = 9.9 Hz, 1 H), 7.21-7.34 (m, 5 H), 8.83 (d, J = 9.9 Hz, 1 
H), 8.98 (t, J = 5.6 Hz, 1 H). 

C NMR CDMSO-d 6 ) 6.47, 22.43, 41.53, 42.55, 67.90, 126.98, 127.36 (2 C), 128.33 (2 C), 
138.39, 164.43, 169.82 ppm. 
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EXAMPLE 73 


Synthesis of 2-Acctamido-N-ben7vl-2-(othnnesulfonvl)acetamidc . 

An aqueous solution (20 mL) of NaI0 4 (3.00 g, 14.02 mmol) was added 
to a MeOH solution (20 mL) of 2-acctamido-N-benzyl-2-(ethylmercapto)acetamide 
(0.95 g, 3.57 mmol). The initial homogeneous solution rapidly became turbid. 

H2O (—10 mL) was then added dropwise until the system became homogeneous. 
The solution was stirred (18 h) at 50-60 °C. MeOH (50 mL) was added to the 
reaction solution and the precipitated salt was filtered and washed with MeOH (10 
mL). The filtrate was concentrated and the remaining solution was extracted 
with CHCI3 (3 x 50 mL). The combined CHCI3 extracts were dried (Na2S04), and 
concentrated in vacuo . The residue was purified by flash chromatography on 
Si02 gel (1% MeOH/CHCl3) to give the desired product. The product was further 
purified by recrystallization from EtOH:. 

Yield: 0.34 g (32%). 

R f 0.34 (3 % MeOH/CHCl 3 ). 
mp 161-163 °C. 

J H NMK (DMSO-d 6 ) 5 1.22 (t, J = 7.4 Hz, 3 H), 1.99 (s, 3 H), 3.04-3.24 (m, 2 H), 4.31 
(dd, J = 5.7, 15.3 Hz, 1 H), 4.41 (dd, J = 5.7, 15.3 Hz, 1 H), 5.93 (d, J = 9.8 Hz, 1 
H), 7.22-7.35 (m, 5 H), 9.13 (t, J = 5.7 Hz, 1 H), 9.17 (d, J = 9.8 Hz, 1 H). 

: 13 C NMR (DMSO-d 6 ) 5.72, 22.27, 42.63, 45.43, 69.14, 127.02, 127.28 (2 C), 128.33 (2 C), 
138. i6, 161.88, 169.83 ppm. 

IR (KBr) 3300, 2940, 1660, 1520, 1310, 1230, 1120, 900 cm*l. 

Mass spectrum (FD) 298 (M + ). - 
Elemental analysis 

9.39% N. 


Calculated for Ci3H 18 N 2 0 4 S 52.33% C; 6.08% H; 

Found 52.52% C; 6.06% H; 


9.53% N. 



EXAMPLE 74 


Sy Dthgsip pf 2-AcQtnmido-T s f-h pn zv1-2-f N'N.N- trim f>t,hv]nmmnn ill m^nrntnmiflo 
Tetrnri uoroborp^.q 


A solution of 2-acetamido-N-benzyl-2-(N,N-dimethylamino)acetamid^ 
S f 7.76 minol) in nitromcthane (7 mL) was added slowly to an ice cold 
solution of tnmcthyloxonium tetrafluoroborate (1.26 g, 8.54 mmol) in nitro- 

e (6 mL). The reaction mixture was stirred at this temperature (15 min) 
en at room temperature (2 h). Anhydrous Et20 (—50 mL) was added to the 

on mixture and the white solid that separated was filtered, washed with 
Et20, and dried in vacuo . 

Yield: 1.95 g (72%). 
mp 171-173 °C (dec.). 


1 H <CD 3 N0 2 > 5 2.14 (s, 3 H). 3.18 (s, 9 H), 4.50 Cd, J = 5.8 Hz. 2 H), 5.70 (d. J = 
9.3 Hz, 1 H), 7.30-7.41 (m, 5 H), 7.57 (d. J = 9.3 Hz. 1 H), 7.70 (br s, 1 H). 
IR(KBr) 3300, 1G80 (br), 1530, 1490, 710 cnr*. 

Mass spectrum (FD) 264 (M + ). 

Elemental analysis 


■ Calculated for C14H22N3O2BF4 
Found 


47.89% C; 6.31% H; 11.97% N. 
47.80% C; 6.33% H; 12.00% N. 



"Ui* 




10 


Ex ample 7 5 

acetomiT N IT O/ ' 2 ' ylcC ' a '' , “ , °'' V ' , ' 0 ' 1:t;, ' , - 2 -l' 7 -»''^0^nceMm!W < ?. A solution of 2- 

etonudo-N-bcnzyl-Z-bromoacetamide (prepared from 2 . flcetflmido . N . ben2y] . 2 . 
ethoxyacetamide (2 00 p fi n m n , ^ 

nunom „ ' 311 r3 C1 M CH2CI " solut! ^. 8.8 mL. 8.8 

was prepared in THT^ (ook r \ ^ 

un . N IF (225 mi) and cooled to -78 °C. It was then added 

N 2 gas atmosphere to a cooled (-78 Tl e 
(2 71 a or S n - ( C> 6us P en5I »" ° f potassium pyrrole 

^ • ' l g, 25.8 mmol) m THF f 25 mT 'ru* 

a ’ 6 react, °n mixture was stirred at -78 °C (1 

) and then at room temperature h m n. 

and acidT d • u ( ^ WaS then trCated with water «0 mL) 

and acidified with 5% citric acid to pH 4 O afW u- u • ' 

pn 4 * u alter which it was made basir 

aqueous saturated Na 2 C0 3 solution Thee with 

EtOAc (2x2<5n' n * <3 u eous mixture was extracted with 

materi , an . 0rga " iC ' ayere wcre dried (Na 2 SO„). The volatile 

chromat° "T rem ° Ved "* ^ th ' residue was Purified by flash column 

(18%)'of ri - “d S “ ,Ca Ee ' USinS 3% MeOH/CHC ' 3 tha eluant to give 0.4 g 
y ; 182-184 o C ^r r0dUCt ' K ~ * Wrystallizathm ftom EtOH: m P 

> «T 5 „: MeOH/CHC,3): IH a 1-9. (s. COCH3), 4,0 

Z 6 01 (S ' 2 X C3H) ' 6 ' 38 M ' ' ’ 8 7 * 6 85 * x CsH). 7,1. 

i) 2 2 22 (COCH wf’ ^ = 5 ' 5 HZ ' m,> ' 9 ' 14 ' 7 = 8 ' 7 H * mi> ' 13 ° *“* ®MSO. 

' 127 0K2C t ^ 62-86 ^ 107 ‘ 79 ^ <2C2)> “ 6 - 76 

25 (GOGH ) 2 0F 3 128,1 1 <2C2 ' ” r 2C3 °' 138 - 34 (Cr> ' 166 - 37 (CONH )' 188-41 

^ ^ ma8S S P6CtrUm - <"*>“« intensity, 272 (M* + l. 22,. 271 ( M *. 

Anal. Calcd for C a5 H 17 N 3 O 2 .0.2 H 2 0: C, 65.53; H, 6.37; N, 15.28. Found- C ' 
65.80; H, 6.22; N, 15.13. - * G ’ 

30 
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Example’ 76 


10 


15 


Synthesis of2-Acetamido-N-benzyl-2-(temidazole)acetamide. Making use 

of the experimental procedure described in the above experiment, 2-acetamido-N- 
benzyl-2-ethoxyacetamide (2.00 g, 8.0 mmol), BBr 3 (1 M CH 2 C1 2 solution, 8.8 mL, 
8.8 mmol), Et 3 N (1.62 g, 1.60 mmol), and imidazole (0.60 g, 8.8 mmol) gave 0.60 g 
(30%) of the desired product. It was recrystallized from ethyl acetate/hexane as a 
beige colored solid: mp 146-148 °C; Rf 0. (7% MeOH/CHCl 3 ); *H NMR (DMSO-d6) 5 
1.85 (s, COCH 3 ), 4.30 (br s, CH 2 ), 6.53 (d, J = 8.0 Hz, CH). 6.89 (s. C S H). 742-7.33 
(m, C 4 H, 5PhH), 7.69 (s, C 2 H), 9.06 (br s. Nil), 9.29 (d, J = 8.0 Hz, NH); 13c NMR 
(DMSO-dg) 22.28 (GOCH3), 42.36 (CH 2 ), 61.18 (CH), 117.56 (C 6 ). 126.92 (C4O, 127.16 
(2C 2 . or 2C 3 0, 128.19 (C 4 ), 128.26 (2C r or 2C 3 .). 136.21 (C 2 ), 138.27 (C r ). 165.72 
(CONH), 169.77 (COCH3) ppm; mass spectrum, FD (relative intensity) 274 (M-+2, 
12), 273 (M++1, 77), 272 (100), 205 (34), 274 (18). 

Anal. Calcd for Ci 4 Hi G N 4 0 2 : C, 61.75; H, 5.92; N, 20.57. Found: C, 61.95; 
H, 6.09; N, 20.32. 
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Example 77 


Synthesis °fS-Acetamido-N.benzyl-2.(l-pynade>aeelamide. A solution of 2- 
acetamido-N-benzyl-2-bromoacetamide (prepared from 2-acctamido.N-benzy.-2. 

et oxyacelamide (3.60 g, 14.4 mmol) and BBr 3 (1 M CH 2 C1 2 solution. 15.8 mL. 15 8 
mmol, was prepared in THJ , (250 dJj) and coo]ed to ^ oc a eo]uUon ^ 

so u .on. Th.s was followad by the addition of THF (30 mL) solution ofpyrazole 
mmol) and the mixture thu3 obtained was stirred at -78 ”C (30 min) 
and room temperature (1 h). The insoluble materials were filtered and the 
solvents removed from the filtrate in uocuo. The residue was then purified by 
ash column chromatography on silica gel using 4% MeOH/CHClj as the eluant 
• to give 0.80 g (22*, of the desired product, it was then recrystal, ired from EtOAc 
as a white solid: mp 158-160 ”C; *0.6! (6% MeOH/CHCl 3 ); 1 H NMB (DMSO-d 6 , 5 
1.93 (s. COCH3), 4.29 (d. J - 5.8 Hr. NH), 6.26 (s. C4II). 6.57 (d, J - 8.8 Hr. CH), 
7.15-7.33 (m, 5P1.H). 7.48 (br s, C 5 H>, 7.76 (br s. C 3 11), 8.96 (t. J = 5.8 Hr, NH) 9 23 
(d, J = 8.8 Hz. NH); 13 C NMR (DMSO-d 6 ) 22.41 (COCH 3 ), 42.40 (CH 2 ), 65.51 (CH) 
105.37 (C4). 126.87 (C4O, 127.14.C2Cg. or 2C 3 0. 128.25 (2C 2 . or 2C 3 .), 129.00 (C 6 )’ 
138.59 (C 3 ), 139.17 (C r ). 165.68 (CONH), 169.81 (COCH 3 ) ppm; mass spectrum, m/e 
(relative mtensiiy) 273 (M*+l. 1 1), 272 (M*. 2). 139 (83). 138 (100), 92 (37). 

: Anal. Calcd for C I4 H 16 U 4 0 2 : C. 61.75; H. 5.92; N. 20.57. Found: C. 61 95- 

H, 6.96; N, 20.28. * 
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Examp l e 78 


# 


1 Synthesis 0 f2-AcctaTnido-N-bcnzyl-2-(l-(l } 2, 4-triazole)) acetamide. Using 2 - 

acetamido-N-benzyl-2-ethoxyacetamide (4.00 g, 16.0 mmol), BBr 3 (1 M CH 2 C1 2 

solution. 17.6 mL, 17.6 mmol), Et 3 N (4.85 g, 48.0 mmol), and 1,2,4-triazole (1.43 g, 
5 20.8 mmol), 1.20 g (28%) of the desired product was obtained. It was recrystallized 
from EtOAc as an amorphous white solid: mp 146-148 °C; R f 0.48 (6% MeOH/ 
CHC1 3 ); 1H NMR (DMSO-d 6 ) 5 1.85 (s, COCH 3 ), 4.32 (hr s, CII 2 ), 6.70 (d, J = 7.8 Hz, 
), 7.21 7.29 (m, 5PhH), 8.01 (s, C 3 H), 8.57 (s, C5H), 9.04 (br a. Nil), 9.39 (d, *7 = 7.8 
Hz, NH); 13C NMR (DMSO-de) 22.39 (COCH3), 42.59 (CH 2 ), 65.02 (CH). 126.97 (C 4 0. 
127.25 (2C 2; or 2C 3 0, 128.32 .(2C a . or 2C 3 0. 138.47 (C l0l 143.93 (C 5 ). 151.50 (C 3 ), 
164.77 (CONH), 170.23 (COCH3) PPm; mass spectrum, FD (relative intensity) 275 
^ (M++2, 12), 274 (M++1, 100), 273 (11), 205 (19), 204 (13), 140 (67), 139 (31). 

Anal. Calcd for C 13 H 15 N 5 0 2 : C, 57.13; H, 5.53; N, 25.63. Found: C, 57.37; 
H, 5.66; N, 25.38. 
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Example 79 


2-acotamido-N-benzyl 2 etl ' Maldnguaeof 

so.u tio „. 13.2 mL ::r~ c " oo * 120 mm ° a ^ a m ch ^ 

5 nuaol). 0.90 , (27%) „f Jd ’ • T ' 2 " 12 *’ ^ ^ ^ g> 15 6 

recrystallized from EtOH- J ^ ° btai " ed as a wMta 6olid - » ™ 

: (DMSO-d 6 ) 5 1 97 ( s COCII we ^ ^ ^ ”* *H NMR 

^ 9 .2aT,l I " ° <m ' CH2)> 7 ' 05 (d ’ "= 8 ' 4 «*• CI «> 

10 (DMSO-do) 22.38 (COCH 3 ) « 78 (CH ) S ’63 5H) ’ ^ ^ = 8 ' 4 ^ NMB 

203.,. 128.38 (2C, 0r2C.! 38 2fi ' I27 ' 10 <** « 

PPm; mass spectrum FD '( ' 8 0 ^ M187 ' (C ^ «*•«" CCONH), 170.62 (COCH 3 , 

: ^ pectrum. FD (relate mtensity, 275 (M* 79), 273 (14). 206 (100). 205 

15 H E33 r;r r ° rCl2H '-- C " 52 - 55;H ’ ^ 30.«. Found: C. 52.75- 
W, 6.33; N, 30.64. ’ 


20 
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example so 


Preparation of a-acetemido-N-bcnzyl-^yridyhcetamMe and 2-acetamido-M. 

benzyl-2-(2'-pyridone)acetamide. 


5 Er ePOr '' >t,|nn *^ sac atani Mo-2-br()m«.M.I M ... T y | aCBtnmM> 

' ™ 50lUt, ° n ° f 2 '? c<:tam “ i °-2-cthoxy-N.ben7.ylacelamido C2.00 g. 8 mmol) in dry 

2 (200 mL) was stirred at room temperature as a solution ofBBr 3 (8.8 mL, 

10 mm01, 1 -° M in CH2C,2) «»‘"X>»cd by means of a syringe under a 

” r ° Sen atm ° 5phcre - A »*■*• formed and after it disappeared, the N 2 iine 
was removed and the reaction sealed. The resulting yellow solution was stirred 

.7 and the " iftttataut to give yellow crystals of 

. a-acetamido-2-bromo.N-ben7.yI acetamido which was stored a 

15 Ln was stored under vacuum 

overnight. 


20 


25 


£r£Daration of p-pYr HvHithhiTn 

• The generation of 2-pyridyllithium in situ was run under nitrogen. A 

solution of n-butyllithium (7.2 mL, 2.5 M solution in hexane, l8 mmol) was added 

to dry ether (60 mL), cooled to -20 «C, and stirred as 2-bromopyridine (1.6 mL 17 

mmol) in dry ether (15 mL) was added dropwise (15 rain). Hie resulting blood red 

; splu tlon was stirred at -20 -C for an additional 5 minutes and then transferred 

through a doubled-ended noodle under a stream of nitrogen to an addition funnel 
where it was cooled to -78 °C. 


30 Ett acration of nn „ 

h g . nzyl-2-C^pYridonelflrptn m t'ri» 

The cooled 2-pyridyllithium solution was added dropwise (approximately 2 

rops per second, to the solution of 2-aceUmido-2-bromo-N.bonsylaoelamide in dry 

35 TliF* (200 mL) and rnaintained at -78 °p »y*t 

^ amed at .78 C. The reaction mixture was stirred for an 

additional 30-45 minutes at -78 °p rpi 

nutesat 78 C. The react, on was quenched wit!, saturated 

aqueous solution of NH 4 C1 (40 mL) at -78 T • , 

producing a heterogenous mixture 



10 


15 


20 


5 


™. “ *“”' ° * ” " 

and separated using flae, h 4 '° neentnM “*>« -cuum. 

e, E „t Tlie fr ,cZ. t T ^ °" «" "*“* ^ “ as the 

- asperated and then further p Uri fi d ^ ^^e concentrate. ^ —. vacuum.: 

(80-200 mesh. Crude 1. Pisher) emp^ ZZ^T^ ^ ^ 

containing a-acetamido-N-benzy] 2 Mi as t e solvent. Fractions 

end gave a white amorphous solid (250 rated «> dryness 

CHoOH/CHOI , , ( mg ’ U% ^Id); R f = 0.39 (5% " 

H 3 OH/CHC! 3 )- mp 146-147 «C; m (KBr) 3290, 3180 3020 1620 6 L„ 

1480, 1420, 1370 1310 lorn i i T ’ 6 br ’ 1580 ' 1520 br » 

(d. d . s .s He 2H ?S9 (d J ^ ^ DMS °^ 8 ^ *». ,28 

HZ 1H, 7 47 td r = H2 ' 1H) - 7 - 18 - 7 - 30 <“• g H). 7.32 (dd. d = 7 7 5 2 

■ciz, lH), 7.47 (d, J = 7 7 h? mi r, an /j. T ‘‘ 

/./ xiz, mj, 7.80 Cdt, J = 7.7 15U. im _ __ , 

t. J = 5.8 Hz, IH); X3 C NMR (75 ^ ^ ZW >- O* 

..... «, ..... «. “ 0 * »■ ■** -■*■ 

spectrum, m/e (relnfi™ i„# ’ riJ mass 

urn CieH^o y (M++1 ’ 283 <M+ ’ °- 8) - 151 ->• 150 ««* 


D 


Anal. Calcd for C 67.83, H. 6.05, N, 14.83 
Found: C, 68.11, H, 6.00, N. 14.89. 

Fractions .containing 2-acelamido-N-ben 2 yl.2 (2' „„ -J t 
combined, concentrated ^ and yi-eided wh l ; 3 "' 16 

*e>d). K f 0.34 (5% CH3OH/ CH(L L p ” ' ““ 

ethane.) I H NMR (300 MHz, DMSO-d 6 , , l' 9 4 4 

J " ** « Hz. 1H),6.26 (br , d . 6 8 H 1„ 6 3 f ‘ " ^ ^ « 3 

<g,1.6 Hz, IH), 8.93 (br t, d = 5.8 Hz 0 ) 920(6 i V* J * 6 4 

DMSO-dg) 22.5. 42.5. 62.5, 105.1 1134 £ ’ “ £ ' ^ ^ ^ 

140.2, 161.2, 166.0. 170.0 ppm. Hydrogen and ^ ^ 135 G ’ 138 «- 

f 1H - 1H —OS, zero ^ 

structure was confirmed by X-ray crystallography. 


1 


5 


10 


15' 


20 


^ ;v ; 25 ,; ; 


30 


35 




E^^aiaiion of nufliPn(.i r 9-p rr(, nm ido-N-henzv1-9.f2 , -nvn , Hnnn’)acptriiTnMp . ' 

The generation of 2-hydroxyp3'ridylsodium in situ was done under anhydrous 
onditions. A solution of 2-hydroxypyridine (1.57 g, 16 mmol, vacuum dried, 97% 
Aldrich) in dry THF (200 mL) was stirred and cooled to 0°C and then NaH (0.77 g, 

0 in mineral oil.-, 19.2 mmol) was added in one portion leading to the evolution of 
H 2 and the generation of a heterogeneous mixture. A solution of 

2 -ace ta mid o-2-hromo-N-benzyl acetamide (8 mmol based on 
2-ncetamido-2-ethoxy-N-benzyl acetamide) in dry THF (160 mL) was then 

transferred through a double-ended needle by means of a stream of nitrogen. The ^ 
resulting mixture was quenched with saturated aqueous solution of NH4CI (50 
mL) at 0°C producing a white precipitate. A saturated aqueous solution Na 2 C0 3 
was added dropwise while stirring at 0°C until all of the white precipitate ' 
dissolved. The two layers were separated while cold and then the aqueous 
fraction was extracted with THF (2 x 100 mL). The combined organic layers were 
dried (Na 2 S0 4 ), and concentrated to dryness. The crude reaction mixture residue 
was dissolved in a minimum of CHCl 3 anfe£lash chromatographed on a silica gel 
- column using ethyl acetate as the eluenc and gave a white amorphous solid (1.10 
g, 46% yield) which was identical to properties previously observed for 

2-acetamido-N-benzyl-2-(2'-pyridone)acetamide: Rf 0.34 (5% CH3OH/CHCI3); mp 

162-163.5 °C (recrystallized in ethyl acetate); HI (KBr) 3300, 3280, 3260, 3080, 1690, 
1680, 1650 br, 1580, 1570, 1520, 1490, 11 4.0 cm* 1 ; lH NMR (300 MHz, DMSO-de) 5 1-96 
(s, 3H), 4.27 (dd, J = 15.3, 5.8 Hz, 1H), 4.36 (dd, J = 15.3, 6.2 Hz, 1H), 6.27 (dt, J = 6.8, 

1.1 Hz, 1H), 6.39 (bd, J = 8.9 Hz, 1H), 6.71 (d, J = 8.7 Hz, 1H), 7.22-7.34 (m, 5H), 7.43 
(ddd, J = 8.9. 6.8. 1.9 Hz, 1H), 7.59 (dd, J = 6.8, 1.9 Hz. 1H), 8.93 (br t, J = 5.9 Hz. 
1H), 9.20 (d, J - 8.7 Hz, 1H); 13(3 NMR (75 MHz, DMSO-dg) 22.4, 42.5, 62.5, 105.1, 
119.4, 126.8, 127.1 (2C), 128.2 (2C). 135.6, 138.8, 140.1, 161.1, 166.0, 169.9 ppm; FD 
(Lilly) mass spectrum, m/e (relative intensity) 598 (2M, 2), 300 (M + +l, 17), 299 

(M+. 100), 96 (2), 95 (26). C16H17N3O3. 

Anal. Calcd for C. 64.20, H 5.73, N 14.04. 
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EX AMPLE 81 

o-acctami do-N-benzyl-2-pyridvl acetamide N-oxide 
To a cooled solution of 2-a-acetamido-N-benzyl- 
2-pyridylacetamide dissolved in dry THF is added 
m-perchloroperbcnzoic acid to give the resulting product. 

Similarly, using the procedure described hereinabove, 
the following' examples are prepared. 

2-acetamido-N-benzyl-2- ( 3-pyridyl ) acetamide 
and the N-oxide thereof, 

2-acetamido-N-benzyl-2- ( 4-pyridyl ) acetamide 

and the N-oxide thereof , 

2-acetamido-N-benzyl-2-( 2-pyrimidinyl) acetamide and 

the N-oxide thereof 

2-ace tamido-N-benzyl-2- { 4-pyrimidinyl ) acetamide and 
the N-oxide thereof , 

2-ace tamido-N-benzyl-2- ( 5-pyrimidinyl ) acetamide and 
the N-oxide thereof, 

2-acetamido-N-benzyl-2- ( 3-pyridazinyl ) acetamide and 
the N-oxide thereof , 

2-acetamido-N-benzyl-2- ( 4-pyridazinyl ) acetamide and 
the N-oxide thereof, 

2-acetamado-N-benzyl-2- ( 4-pyrazinyl ) acetamide and 
N-oxide thereof, 

2-acetamido-N-benzyl-2- ( 2-thiazolyl ) acetamide , 
2-acetamido-N-benzyl-2- ( 2-oxazolyl ) acetamide , 

2 -ace tamido-N-benzyl-2- ( 3-isoxazolyl) acetamide, 
2-acetamido-N-benzyl-2- ( 5-isoxatolyl ) acetamide , 

2-ace tamido-N-benzy 1-2- ( 3-isothiazolyl ) acetamide , and 
2-acetamido-N-benzyl-2- ( 5-isothiazolyl) acetamide. 


the 



1 


genera l Prop nH Mrr . 

ethoxyacetami.de T7 !"* Ac etarru.do-N-benzyl-2- 

ether, and then boron trifle '-a 33 SUSpended in anhydrous ethyl 
«««* added and the result ""T*** U ‘ 6-6.3 eguiv. ) was 

"in. The aromatic substrata S-lTe 0 "'^ Stlrred £ ° r 15 
• -action ,as stirred at room tempera^ ^7^“^ ^ 
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example 82 

ct- Ace tamido-N-benzyl- 2 - re - v, % 

(II). The • (S-thiophenoxy) -acetamide 

# ine reaction mixture was tr Pa H^ . .. 
saturated NaHCO • treated wtih an aqueous 

filtered and th > 3 U 100 Hnd the White ins oluble solid was 

The desired prol" T SUCCessi '' el T «ith H.,0 and hexanes. 

Chloroform hexanes f *"**** 11 ^™ *«■ 

chioroform/methanol): m p 165 IB,!*-' 1 R i°-«(97 = 3 

Cbr), 1520 (br) lain if' : i - r - (KBr > 3280, 1630 

(DMSO-d ) 8 1 83 # f r 65/ 128 °' 1245 ' 1180cm" 1 ; X h n.m.r. 

s - 9 ° * - 

22.34 (CH^CO), 42 25 l CM ) c-, ' ' C. n.m.r. (DMSO-dg) 

(3C 2 -,, I 2 I .73 ,c -i 2 2 ',2n? 5 ‘“’Z 126 ‘ 86 ‘ C 4> - 127.L 

132.36 (2CJ), 132. si (o') Le^lc^’’ ‘ 2C 2'° r 2C J ' 

«cH 3 co)p Pm; mass spectr i„; m/e ' (rela ^; e 182 ,; 09 !““>• 16s - 97 

s .t, 


20 


Anal . calc, for 
5.54. 


C 17 H 18 N 2°2 S: 


64.94, H 5.77. Found: C 65.27, H 
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Example 83 

Synthesis of cc-Acetamido-N-benzyl-2-(tetrahydrofuran)acetamicle (2). A 
methanolic solution (70 mL) of a-acetamido-N-benzyl-2-furanacetamide (3.50 g, 
12.85 mmol) was hydrogenated (35-40 psi) in the presence of Pd/C (10%, 0.44 g) (44 
h). The catalyst was filtered through celite, washed with MeOH (10 mL) and the 
filtrate concentrated to dryness in vacuo to give £a and 2h (3.50 g) as a white solid: 
The products were fractionally recrystallized from EtOAc to give 1.30 g (37%) of 3a: 
mp 159-161 C; Rf 0.38 (6% MeOH/CHCl 3 ); ER (KBr) 3340 (br), 3000, 1600, 1550 (br), 
j 1420, 1350, 720> 680 cm ' l > lH NMR (DMSO-de) 5 1.66-1.90 (m, C 3 H 2 , C 4 H 2 ), 1.85 
(C(0)CH 3 ), 3.62-3.68 (m, C 5 HH'), 3.75-3.80 (m, C 5 HH’). 3.98-4.00 (m, C 2 H), 4.26-4.38 
(m, CH, CH 2 ), 7.18-7.32 (m, 5 Phil), 8.11 (d, J = 8.8 Hz, NH), 8.52 (t, J = 5.8 Hz, 
NH); 13 C NMR (DMSO-d 6 ) 22.52 (C(0)CH 3 ), 24.78 (C 3 ), 27.82 (C 4 ), 41.96 (CH 2 ), 55.67 
(CH), 67.54 (Cs). 78.48 (C 2 ), 126.58 (C 4 *), 127.97 (2C 2 ' or 2C 3 ’), 128.12 (2C 2 ’ or 2C 3 ‘), 
139.27 (Cf), 169.09 (C(O)NH), 170.09 (C(0)CH 3 ) ppm; mass spectrum m/e (relative 
intensity) 277 (M++1, 4), 206 (52), 142 (13), 106 (38), 91 (100), 71 (97). Anal. 
(Ci5H 20 N 2 O 3 ) C, H, N. 


35 



1 The remaining EtOAc mother liquor after recrystallization was 

concentrated to hair its volume and hexane was added dropwise wliile heating 

until the solution became turbid. A wliite solid (0.65 g, 18%) separated on cooling 

5 and was collected by filtration to give diastereoisomer 312' m P 130-132 C; R^0.38 

( 6 % MeOH/CHCl 3 ); Hi NMR (DMSO-d 6 ) 5 1.55-1.86 (m, C 3 H 2 , C 4 H 2 ), 1-89 Oh 

C(0)CH 3 ), 3.55-3.64 (m, C 5 rar), 3.70-3.78 (m, C 5 HH'), 4.08-4.11 (m, C 2 H), 4.27 (d, J 

= 5.8 Hz, CII 2 ), 4.36 (dd, J = 4.7, 8.6 IIz, CII), 7.21-7.32 (m, 5 PliH), 7.94 (d, J = 8.6 

° Hz, NH), 8.39 (t, J = 5.8 Hz, Nil); NMR (DMSO-d 6 ) 22.45 (C(0)CH 3 ). 25.16 (C 4 ), 

27.53 (C 3 ), 42.04 (CH 2 ), 55.48 (CH), 67.53 (C 6 ), 78.26 (C 2 ), 126.59 (C 4 ') t 127.04 ( 2 C 2 ’ or 

2C 3 '), 128.10 (2C 2 ' or 2C 3 ’), 139.21 (Ci'), 169.55 (C(O)NH), 169.79 (C(0)CH 3 ) ppm; 

mass spectrum m/e (relative intensity) 277 (M + +l, 4), 206 (50), 142 (23), 106 (39), 91 
5 

(100), 71 (96). Anal. (C15H20N2O3) C, H, N. . 


20 




30 


35 





Example 34 


,.;;r rr '™“' ,m -■ 

HBr „„ ■ 

S continue , rem ° Ved ^ ° V ~^ «*• so.ution with a 

5 ontinuous stream of Ar (20-30 min} »pu _ i- , . 

contain* in ^ h Lght y elI °w oily residue that remained 

containing Ifi was dissolved in THF (100 mil a (L 

mmol) and ZnCI, (, M ■ „ ’ and then furan (32 - 76 B. 482.0 

was stirred !t im l ’ ^ ^ ^ ” m0l) "" “ ^ "«** 

10 aqueous mixture Perature (35 h > and then treated with H 2 0 (50 mL). The 

q OUS mixture was extracted with EtOAc (3 x inn T , 

extracts were dried (Na,SO 1 mi , ° ^ ° nd Ule combinod 

in uacuo to give 5.00 g (soJof I7 -T T ^ diS “ 1Iation 
1 94 (s CII ) l qq O ° R/r °' 3l> (50% ’ ELOAc/CHC1 3); J II N1VER (CDC1 3 ) 5 

- Hn,™: r ^ ^ ~ - - - 

CC(0,OC„3), 58.35 (C(CH3„, 10,3 S ,C^0 ^ i "c", <C<0,CH,> ’ M -° 3 

(C(0,ch 3 ,, m,< (C(0X)CH3, p P m. 6,> 15203 ( ° 2) ' 1G£m 


"7 mt/-' \ 
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CH 3 C NH 
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II 

COCH 3 
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CH3CNH 
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Example 85 


1 Synthesis of a-Acetamido-2-methyl 2- furanacelic Acid (18). A 95% ElOH 

solution (150 ml) of H (5.00 g, 23.6 mmol) and KOH (3.00 g, 53.5 mmol) was stirred 
at room temperature (48 li). The solvent was removed and the residue was 
5 dissolved in H2O (50 mL). The aqueous solution was washed with Et20 (3 x 50 mL) 
and then acidified to pH 1.5 with 10% H3PO4. The acidified solution was extracted, 
with EtOAc (3 x 200 mL) and the combined extracts were dried (Na2SC>4), and 
concentrated in vacuo to give 2.90 g (62%) of 1£: mp 178-180 °C (d) (recrystallized 
10 from CH3CN); ER (KBr) 3400 (br), 1700 (br) cm**; *H NMR (DMSO-d 6 ) 5 1.67 (s, 
CH 3 ), 1.83 (s, C(0)Cn 3 ), 6.39 (m, C3II, C 4 II), 7.59 (s, C 5 II), 8.34 (s, Nil), 12.63 (s, 
C(O)OH); 13c NMR (DMSO-de) 22.20 (C(0)CH3), 22.59 (CH 3 ), 67.65 (C(CH3)), 107.09 
(C4), 110.49 (C 3 ), 142.33 (C 5 ), 153.36 (C 2 ), 168.86 (C(O)NH), 171.78 (C(O)OH) ppm; 
15 mass spectrum, m/e (relative intensity) 198 (M++1, 4), 143 (97), 152 (63), 140 (23), 
111 (73). 110 (100), 94 (24). Anal. (CgHuN^lC, H, N_ . 
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Example 86 

Synthesis of ^Acetnmido-N.benzyT^Sihyl-Z.furanacetamide (4). 
Employing the mixed carbonic anhydride coupling procedure 5 i9'wilh IS (2.40 g, — 
12.2 mmol), 4-methylmorpholine (1.23 g, 12.2 mmol), isobutylchloroformate (1.83 
g. 13.4 mmol), and benzylamine (1.43 g, 12.7 mmol) gave 1 (1.50 g, 43%) as a thick 


oil: R/0.29 ( 2 % MeOH/CHCla); >H NMR (CDC1 3 ) 5 1.94 (s, CH S ), 1.98 (s, C(0)CII 3 >, 
4.40 (d, J = 5.6 He, CH 2 ), 6.20 (br s, Nil), 6.34-6.37 (m, C 3 H, C 4 H), 7.05-7.36 (m, NH, 
C 5 H, 5 PhH); 13c NMR (CDC1 3 ) 22.31 (C(0)CH 3 ), 23.81 (CH 3 ), 43.77 (CH 2 ), 58.50 
(C(CH 3 )), 107.94 (C 4 ), 110.67 (C 3 ). 126.99 (2C 2 - or 2C 3 '), 127.41 (C„'), 128.60 <2C V or 
2C 3 '), 137.52 (CV), 142.38 (C s ), 152.94 (C 2 ), 169.03 (C(O)NH), 171.16 (COCH 3 ) ppm;' 
mass spectrum, m/e (relative intensity) 287 (M++1, 4). 228 (4), 153 (99). 152 (96), 138 
(15). Ill (63). 110 (100). 91 (75); M r (El) 286.13074 (calcd for C 16 H 18 N 2 0 3 , 286.13174). 
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Example 87 

^ Synthesis of a-Thioacetamido^IT-benzyl-2-furanacetainide ($). A THP 

solution (80 mL) of 2. (1.00 g, 3.68 mmol) and Lawesson’s reagent (0.73 g, 1.84 
mmol) was stirred at room temperature (4 h). The THF was removed in vacuo 
^ and the residue was purified by flash column chromatography on SiC >2 gel using 
1% MeOH/CHCl 3 to give 0.75 g (71%) of&: mp 78-80 °C; % 0.51 (1% MeOH/CHCl 3 ); 
IR (103 r) 3200 (br), 1630, 1500, 1440, 1350, 790, 710, 680 cm-l; *H NMR (DMSO-d 6 ) 5 
2.46 (s, C(S)CH 3 ), 4.27-4.35 (m, CH 2 ), 6.22 (d, J = 7.7 Hz, CH), 6.32 (d, J = 3.3 Hz, 
10 C 3 H), 6.41-6.44 (m, C 4 H), 7.15-7.33 (m, 5 PhH), 7.64 (s, C&H), 8.81 (t, J = 5.9 Hz, 

Nil), 10.54 (d, J = 7.7 Hz, NH); 13c NMR (DMSO-d 6 ) 32.70 (s, C(S)CH 3 ), 42.39 (CH 2 ), 


56.82 (CH), 108.76 (C 3 ), 110.67 (C 4 ), 126.81 (C^), 127.12 ( 2 C 2 ' or 2C 3 '), 128.23 (2C 2 ’ or 


2C 3 '), 139.98 (Cf), 143.06 (C 6 ), 149.53 (C 2 ), 166.55 (C(O)NH), 200.68 (C(S)CH 3 ) ppm; 
mass spectrum (FD) 288 (M + ). Anal. (C 15 H 16 N 2 O 2 S) C, H, N. 
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Example 88 


1 Synthesis ofa-77iioacetamido-N^Benzyl-2-furcm.thiocicetciTnide (Q). ATHF 

solution (90 mL) of 2 (2.00 g, 7.35 mmol) and Lawesson's reagent (3.27 g, 8.09 
mmol) was heated to reflux (4 h). The THF was removed in vacuo and the residue 
^ as purified by two successive flash column chromatographies on Si02 gel using 
0.5% MeOH/CHCl 3 as the eluant in the first chromatography and CHC1 3 in the 
second chromatography. Compound £ (0.50 g, 22%) was then further purified by 
preparative TLC (CHCI3): mp 99-101 °C; iy 0.74 (1% MeOH/CHCl 3 ); IR (KBr) 3100, 
10 1580, 1500 (br) cm-1; 1H NMR (DMSO-d 6 ) 5 2.58 (s, C(S)CII 3 ); 4.86 (dd, J = 5.4, 15.0 
Hz, CHH), 4.96 (dd, J = 5.4, 15.0 Hz, CHH), 6.49-6.55 (m, C 3 H, C4H), 6.65 (d, J = 7.5 
Hz, CH), 7.31-7.43 (m, 5 PhH), 7.75 (s, C 5 H) 10.64 (d, J = 7.5 Hz, Nil), 10.95 (t. J = 
5.4 Hz, NH); 13c NMR (DMSO-d 6 ) 32.79 (s, C(S)CH 3 ), 48.30 (CH 2 ), 61.88 (CH), 

15 108 ' 50 (C3)> 110 53 ( ° 4) > 127 05 (C4*). 127.48 (2C 2 - or 2C 3 ‘), 128.19 (2C 2 ‘ or 2C 3 ’)! 
136.67 (Ci*), 142.91 (C 5 ), 150.15 (C 2 ), 197.45 (C(S)NH), 200.56 (C(S)CH 3 ) ppm; mass 
spectrum (FD) 304 (M+). Anal. (C^HieNzOS^) C, H, N. 
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Example 89 


1 Synthesis of a-Acetamido-N-(3-pyridinylmethyl)-2-furanacetamide (7). 

Using racemic 12. (3.00 g, 16.39 mmol), 4-methylmorpholine (1.66 g, 16.39 mmol), 
isobutylchloroformate (2.24 g, 16.39 mmol), and 3-aminometliylpyridine (1.77 g, 
5 16.39 mmol) in the mixed carbonic anhydride protocol gave 3.35 g (75%) of Jj. mp 

,172-174 °C (recrystallized from EtOAc); R/-0.27 (8% MeOH/CHCl3); IR (KBr) 3400, 
3300, 1640, 1540, 1420, 1360, 820, 740 cm-l; *H NMR (DMSO-d 6 ) 5 1.89 (s, C(0)CH3.). 
4.32 (d, J = 5.8 Hz, CH 2 ), 5.55 (d, J = 7.9 Hz, CH), 6.28-6.29 (m, C 3 H), 6.41-6.43 (m, 
10 C 4 H), 7.32 (dd, J = 4.8, 7.7 Hz, C 5 ’H), 7.58-7.62 (m, C4H, G 5 H), 8.44 (br s, C 2 'H, 

C 6 'H), 8.62 (d, J = 7.9 Hz, Nil), 8.81 (t, J = 5.8 Hz, Nil); 13 q NMR (DMSO-d 6 ) 22.31 
(C(0)CH 3 ), 39.98 (CH 2 ), 50.94 (CH), 107.67 (C 4 ), 110.54 (C 3 ), 123.38 (C G '), 134.57 
(C 3 '), 134.83 (C 4 '), 142.64 (C 5 ), 148.06 (C 6 ’), 148.55 (C 2 *), 150.94 (C 2 ), 168.19 

. 15 

(C(O)NH), 169.26 (C(0)CH 3 ) ppm; mass spectrum (FD) 274 (M++1). Anal 
(C14H15N3O3) C. H, N. 
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1 Synthesis of a .Aoetamido.N.(4-pyHdinylmethyl).2-fur a nacetamide (8). 

Making use of racemic 12 (3.00 g. 16.30 mmol). 4-methylmorpholine (1.66 g. 16.39 
mmol), isobutylchloroformata (2.24 g. 16.39 mmol), and 4-aminomethylpyridihe 
5 (1.77 g, 16.39 mmol) m the mixed carbonic anhydride method, gave 3.40 g (76%) 
of 2: mp 168-170 "C (recrystallized from ElOAc); R f 0.31 (8% MeOH/CHCl 3 ); IR 
OfBr) 3180, 1650 (br), 1480, 1400, 1340, 780, 740 cm' 1 ; >H NME (DMSO-d 6 ) 8 1.90 (s, 

10 (0)CH3) ' 4 32 (d> J ~ 5 ' 7 Hz . CH 2 ), 5.57 (d, J = 7.8 Hz, CH), 6.32-6.34 (m, C 3 H) 

6.42-6.43 (m, C<H). 7.19 (d, ./ - 4.9 Hz. CjH, C S H), 7.64 (a. C 5 H), 8.46 (d. .7 = 4.9 Hzl 
C 2 H. C 6 'H). 8.64 (d, ./ = 7.8 Hz, Nil), 8.84 (t. ^ = 5.7 Hz. NH); 1* C NME (DMSO-d 6 ) 
22.27 (C(0)CH 3 ), 41.26 (CH 2 ), 50.99 (CH), 107.74 (C 4 ), 110.54 (C 3 ), 121.87 (C 3 ', C 5 '). 

■15 142 63 (C5> ' W8 ' 17 <C4,:) ' 149 - 35 (C2 '* C «'>' 150 82 (C 2 >. 168.35 (C(O)NH), 169.29 
(C(0)CH 3 ) ppm; mass spectrum (FD) 274 <M»+1). , Anal. (C 14 H 15 N 3 0 3 ) C. H. N. 
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^ w n ^ ^ 


Sy rl ^e S ; S o/-a-Ac C(a mWo.W. ( -i- 0 xo.S^rid i „y nle( , ly; ;. 2 . / - ura , mce(ami£fe 

(V - A B ° ,Uti0n ° fl (1 - 50 «• 5 49 -1) m-chloroperoxybenzoic acid'(1.90 g. 
6.04 mmol) m THP (175 mL) was heated to reflux (3 h) and then cooled to room 
p ature. The THF solution was concentrated to approximately half its 
volume, and then cooled to give 1.00 g (63%) of 2 : mp 159-161 "C (recrystallized 
from EtOH); R, 0.30 (20% MeOH/CHCI 3 ); IR (KBr) 3400 (br). 1620, 1500 (br), 1420, 
1350, 750 cm-1; 1H NMR (DMSO-d 6 ) 8 1.89 (s. C(0)CII 3 ), 4.27 (d, J = 5.0 Hz. CH 2 ), 
5.53 W.^-7,6 Hz. CII), 6.31 (br s, C 3 II), 6.42 (br s, 0,11), 7.14-7.18 (m, 1 ArH), 7.31- 
7.37 (m, 1 ArH), 7.61 (br s, C 5 H), 8.07 (s. 2 ArH), 8.63 (br s. Nil), 8.80 (br s NH>- 

I3C NMR fDMSO - d6) 2229 (C(0)CH 3 ), 39.36 (CH 2 ), 50.99 (CH), 107.79 (C 4 ), 110 56 
(C 3 ), 124.03 (CV). 126.10 (C 5 -), 137.16 (C 3 '). 137.31 (C 0 '), 138.70 (C 2 '), 142.69 (C 6 ), 
15 150.72 (C 2 ), 168.40 (C(O)NH), 169.32 (C(0)CH 3 ) ppm; mass spectrum (FD) 289 (M*); 

M r (El) 289.10554 (ealed for Ci 4 Hi 5 N 3 0 3 , 289.10626). 

Anal. Calcd for C M H„N 3 0 < .2.0 HjO: C. 51.69; H, 5.89; N. 12.92. Found- C 
52.03; II, 5.56; N, 13.36. 
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Example 92 

1 Synthesis of <x-Acetaniido-N-(l-oxo-4-pyridinylmethyl)-2-fu.ra.ncicetarnide 

(W. Following the preceding procedure and using & (1.50 g, 5.49 mmol) and m- 
chloroperoxybenzoic acid (1.90 g, 6.04 mmol) gave a light yellow solid (0.96 g, 60%) 
5 directly upon cooling the THF solution. The precipitate was filtered and 
_ recrystallized from EtOH to give !£: mp 210-212 °C (d); R/-0.25 (20% MeOH/CHCl 3 ); 
IR (KBr) 3300, 1620, 1500, 1410, 1350, 740 cm-1; 1H NMR (DMSO-d 6 ) 5 1.89 (s, 
C(0)CII 3 ), 4.26 (d, J = 5.8 Hz, Cn 2 ), 5.52 (d, J = 7.7 Hz, CH), 6.30 (br s, C 3 H), 6.41, 
6.42 (m, C 4 H), 7.21 (d, J = 6.8 Hz, C 3 TI, C 5 ’H), 7.63 (s, C 5 H), 8.14 (d, J = 6.8 Hz, 
C 2 ’H, Ce'H), 8.62 (d, J = 7.7 Hz, Nil), 8.82 (t, J = 5.8 Hz, Nil); 13 C NMR (DMSO-d 6 ) 
22.35 (C(0)CH 3 ), 40.68 (CH 2 ), 51.14 (CIl), 107.87 (C 4 ), 110.62 (C 3 ), 124.83 (C 3 ’, C 5 ’), 
5 137 - 43 ( c 4’), 138.39 (C 2 ', C 6 ’), 142.72 (C 5 ), 150.77 (C 2 ), 168.48 (C(O)NH), 169.45 

(C(Q)CH 3 ) ppm; mass spectrum (FD) 289 (M+). Anal. (Ci4H 15 N 3 0 4 ) C, II, N. 
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Example 93 


1 Synthesis of < x--A.ceta7nido-2-fiira.na.cetic-2 , -pyridinehydrazide (XI) . 

Following the mixed carbonic anhydride procedure and using racemic 19 (2.00 
g, 10.39 mmol), 4-methylmorpholine (1.10 g, 10.93 mmol), isobutylchloroformate 
5 (1.49 g, 10.93 mmol), and 2.hydrazinopyridine (1.20 g, 11.00 mmol) gave an 

insoluble material upon workup containing H and 4-methylmorpholihe 
hydrochloride. The reaction products were suspended in EtOH (25 mL), and JLI 
(1.00 g) was collected by filtration. Concentration of the THF filtrate and 
trituration of the residue with EtOAc gave an additional 0.70 g of H to give a 
combined yield of 1.70 g (64%): mp 226-228 °C (recrystallized from EtOH); I If 0.30 
(10% MeOII/CHCl 3 ); IR (ICBr) 3400, 1650, 1580, 1440, 1360, 1320, 770, 730 cm* 1 ; X H 
15 NMR (DMSO-d 6 ) 5 1.83 (s, C(0)Cn 3 ), 5.64 (d, J = 8.0 Hz, CII), 6.41-6.50 (in, C 3 II, 
C4II, C 5 n), 6.67 (dd, J = 5.4, 6.7 Hz, C 3 *II), 7.44-7.52 (m, C 4 ’H), 7.66 (s, C 5 n), 8.02 
(d, J = 4.0 Hz, C 6 *H), 8.40 (s, C(O)NHNII), 8.66 (d, J = 8.0 Hz, Nil), 10.20 (s/ 
C(O)NHNH); 13C NMR (DMSO-d 6 ) 22.26 (C(0)CH 3 ), 49.56 (CH), 105.93 (C 3 ’), 107.87 
20 (C 3 ), 110.57 (C 4 ), 114.50 (Cg'), 137.48 (C 4 '), 142.76 (C 5 ), 147.45 (Cg’), 150.60 (C 2), 

159.59 (C2 ), 167.88 (C(O)NII), 169.28 (C(0)CH 3 ) ppm; mass spectrum (FD) 274 

(M+); M r (El) 274.10649 (calcd for Ci 3 Hi 4 N 4 0 3 , 274.10659). 
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Synthesis ofR(-)a-Acetamido-N-(4-fluorobenxyl)-2-furanacetarnide ((R)-12)- 

Using (R)-lfL (0.94 g, 5.1 mmol), 4-methylmorpholine (0.52 g, 5.1 mmol), 
isobutylchloroformate (0.70 g, 5.1 mmol), and 4-fluorobenzylamine (0.65 g, 5.16 
mmol) in the mixed carbonic anhydride method gave 1.00 g (68 fo) of (i?) 12- nap 
205-207 °C (recrystallized from EtOAc); Ry0.30 (4% MeOH/CHCl3), [<x] d - 77.42 
(c=l, MeOH); IR (KBr) 3400 (br), 1620, 1580, 1500 (br), 1350, 770, 720 cm* 1 ; *H NMR 
(DMSO-de) 5 1.89 (s, C(0)CH 3 ), 4.27 (d, J = 5.9 Hz, CH 2 ), 5.54 (d, J = 8.0 Hz, CH), 
6.27 (d, J = 3.0 Hz, C 3 H), 6.41 (dd, J = 1.9, 3.0 Hz, C 4 H), 7.08-7.15 (m, 2 ArH), 7.20- 
7.26 (m, 2 ArH), 7.61 (d, J = 1.9 Hz, C 5 H), 8.58 (d, J = 8.0 Hz, NH). 8.74 (t, J = 5.9 
Hz, NH) ppm; addition of R(-) mandelic acid to a CDC1 3 solution of (R>12 gave only 
one signal for the acetamide methyl protons. Mass spectrum (FD) 290 (M+). 
Anal. (Ci5HisFN 2 0 3 ) C, H, N. 

Synthesis ofR(-)a-Acet<unido-N-0i-tncthylbc>vz.yl)-2-fiiraiiacctcutiide ((IX) -13). 

Employing the mixed carbonic anhydride procedure- and making use of (/2)-JLS 
(1.50 g, 8.20 mmol), 4-methylmorpholine (0.83 g, 8.20 mmol), isobutylchlorofor- 
mate (1.12 g, 8.20 mmol), and 4-methylbenzylamine (0.99 g, 8.20 mmol) gave 1.80 g 
(77%) of (70-13: mp 210-212 °C (recrystallized from EtOAc); R f 0.54 (4% 

MeOH/CHCl 3 ); [a ] 2 6 D = -74.43 (c=l, MeOH); IR (ICBr) 3400 (br), 1610 (br), 1500 (br), 
1350, 1320, 780, 720 cm- 1 ; J H NMR (DMSO-d 6 ) 5 1.89 (s, C(0)CII 3 ), 2.25 (s, CH 3 ), 
4.24 (d, J = 5.5 Hz, CII2), 5.56 (d, J = 8.1 Hz, CH), 6.28 (br s, C 3 II), 6.41 (br s, C 4 H), 
7.09 (br s, 4 ArH), 7.61 (br s, C5II), 8.58 (d, J = 8.1 Hz, NII), 8.72 (t, J = 5.5 Hz, NH); 
addition of (RX-)mandelic acid to a CDCI3 solution of (R)-li gave only one signal 
for the acetamide methyl protons. 13 C NMIR (DMSO-dg) 20.64 (CH 3 ), 22.32 
(C(0)CH 3 ), 42.00 (CH 2 ), 50.88 (CH), 107.52 (C 4 ), 110.50 (C 3 ), 127.06 (2C 2 ’ or 2C 3 *), 
128.77 (2C 2 ’ or 2C3), 135.82 (Ci' or C 4 ’), 135.98 (Ci' or C 4 ’), 142.51 (C 5 ), 151.21 (C 2 ), 
167.87 (C(O)NH), 169.17 (C(0)CH 3 ) ppm; mass spectrum (FD) 287 (M++1). Anal. 
(Ci 6 Hi 8 N 2 0 3 ) C, H, N. 



Example 


1 Synthesis °fR(-)cc-Acetamido-N-(4-trifluoromethylbenxyl)-2-furanaceta, 

mide ((R)-U). Using (7^-12 (1,00 g, 5.46 mmol), 4-methylmorpholine (0.55 g, 5.46 

mmol), isobutyl chloroformate (0.75 g, 5.46 mmol), and 4-lrifluoromethylbenzyl- 

5 amine (0.96 g, 5.46 mmol) in ^^nnxed carbonic anhydride protocol - gave 1.15 g 

(59%) of (7?)-H. mp 193-195 “^(jecrystallized from EtO Ac/hexane); [<x] 2 6 D = -69.27 

(c=l, MeOH); ER (KB r ) 3220, lOj^'1520, 1400, 1350, 800, 720 cm-*; 1H NMR (DMSO- 

d 6 ) 5 1.89 (s, C(0)CH 3 ), 4.37 (C 5.8 Hz, CH 2 ), 5.56 (d, J = 7.9 Hz, CH), 6.30-6.31 

0 (m, C 3 H), 6.41-6.43 (m, C 4 H), 7.40-7.43 (m, 2ArH), 7.63-7.68 (m, 2ArH, C 5 H), 8.61 

(d, J = 7.9 Hz, Nil), 8.44 (t, ^fe.5.8 Hz. Nil); addition of (RX-)-mandelic acid to ^ 

CDC1 3 solution of (7U-I4 gav^bhly one signal for the acetamide methyl protons. 

Mass spectrum (FD) 340 (M+)/'Anal. (C 16 H 15 F 3 N 2 0 3 ) C, H, N. 

5 

general synthesis 

General Synthesis - Several preparative routes'were utilized for the construction of 
the targetted compounds. In most cases. 2-acetamido-A'-benzyl-2-aminoaceta- 
mide- (2r) served as the starting material. Treatment of 2r with the appropriate 
chloroformate, isocyanate, isothiocynnote. anhydride, or use of the mixed 
anhydride protocol advanced for peptide synthesis led to the preparation of the N- 
. acyl substituted adducts 2s-21 and 2n. Correspondingly, the preformed a-bromo 
derivative 2a was employed os the immediate precursor for 2m and 2p, while 2- 

acetamido-N-bcnxyl-2-Urimolhylainrnonio)acclarnide lotrafluoroborale ( 21 ) was 

utilized for the synthesis of 2a. Finally, alkaline hydrolysis of 2m followed by 
neutralization of the dipeptide by passage fh™ 1 

2 a. B thr0UBh an I0n “Change resin yielded 


In Examples 96-108, 
following compounds 


reference is made to the 



O R 2 O 
II I II 
CH 3 CNH - CH - CNHCH 2 Ph 


2a R 2 = NHCH 2 CH 3 
h R 2 = NHNHC0 2 CH 2 Ph 
£ R 2 = NH(OCH 3 ) 
d R 2 = N(CH 3 )OCH 3 
& R 2 = NHC(0)0CH 3 

I R 2 = NHC(0)0Ph 

fl R 2 = NHC(0)NHCH 3 

II R 2 - NHC(0)NHPh 

i R 2 = NHC(0)NHS(0 2 )Ph 
i R 2 = NHC(S)NHCH 3 
k R 2 = NHC(S)NHPh 
1 R 2 = NHC(0)Ph(2’C0 2 H) 


O 



fl R 2 = NHC(0)CH 2 NHC(0)0CH 2 Ph 
fl R 2 = NHCH 2 C(0)0CH 2 CH 3 
fl R 2 = NHCH 2 C(0)0CH 2 Ph 
fl R 2 = tlH 2 CH 2 C0 2 * 

I R 2 = NH 2 . 
s R 2 = Br 

1 R 2 =N(CH 3 ) 3 ,BF 4 * 
fl R 2 = NHC(0)CH 3 
y R 2 = NHC(0)CF 3 
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Example 96 

1 Chemistry - Synthesis of Methylf acetaniido(benzylcarbanioyl)methyl Jcarba- 

mate (2e). Methyl cliloroformate (0.33 g, 3.35 mmol) was added to a solution of 2f 
(0.70 g, 3.16 mmol) and Et 3 N (0.39 g, 3.80 mmol) in THE (75 mL), and then the 
5 reaction mixture was stirred at 55-60 °C (2 h). The Et 3 N HCl that precipitated was 
filtered and the filtrate was concentrated to dryness in vacuo. The residue was 
triturated with ElOAc (20 mL), and the remaining white solid (0.55 g,.G 2%) was 
filtered and recrystallized from EtOH: mp 202-204 °C (d); 0.53 (10% 

10 MeOH/CHCl 3 ); HI (ICBr) 3260, 1650, 1500, 1440, 1360, 780, 690 cm-1; 1H NMR 
(DMSO-d 6 ) 8 1.86 (s. C(0)CH 3 ), 3.54 ( S , OCH 3 ), 4.27 (d, J = 5.6 Hz, CH 2 ), 5.56 (t, J I 
7.8 Hz, CH), 7.18-7.32 (m, 5PhII), 7.70 (br s, NHC(0)0CH 3 ), 8.40 (d, J = 7.8 Hz, 

15 NH) ' 8 61 (t ' J = 5 6 Hz ’ NH); 130 NMR (DMSO-d 6 ) 22.38 (C(0)CH 3 ), 42.29 (CH 2 ), 
51.46 (OCH 3 ), 58.57 (CH), 126.52 (C4O. 126.98 (2C 2 > or 2C 3 0, 127.99 (2C 2 ' or 2C 3 9, 

139.03 (CiO, 167.83 (C(O)NH), 169.33 (C(0)CH 3 ) ppm, the carbamate carbonyl 
signal was not detected. Mass spectrum (FD) 279 (M + ). 

20 Anal. Calcd for Ci 3 Hi 7 N 3 0 4 : C, 55.91; H, 6.14; N, 15.05. Found: C,' 56.16; 

H, 6.10; N, 14.89. 
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Exaimole 97 

2 Synthesis of Phenyl[acetamido(benzylcarbamoyl)methyl]carbcuncite ( 2 ft . 

Compound (0.80 g, 3.62 mmol) was dissolved in warm TIIF (75 mL), and then 
Et 3 N (0.44 g, 4.35 mmol), and phenyl chloroformate (0.62 g, 3.98 mmol) were 
^ added. The reaction mixture was stirred at 45-50 °C (2 h), and the volatile 
materials were removed in vacuo. The residue was triturated with EtOAc (20 mL) 
and the remaining white solid material (0.80 g, 65%) was filtered, washed with 
H 2 0 (10 mL), and then recrystallized from MeOH: mp 201-203 °C; Rf 0.38 (5% 
10 MeOH/CHCl 3 ); IR (KBr) 3400 (hr), 3240, 1700, 1630, 1500, 1460, 1320, 1200, 740, 670 
cm* 1 ; NMR (DMSO-d 0 ) 5 1.89 (s, C(0)Cn 3 ), 4.29-4.35 (m, Cn 2 ). 5,66 (t, J = 7.6 
Hz, GH), 7.08-7.42 (m, lOArH), 8.43 (d, J - 7.6 IIz, NH), 8.58 (d, J = 7.6 Hz, NH), 
8.67 (t, J = 5.0 Hz. Nil); NMR (DMSO-d 6 ) 22.58 (C(0)CH 3 ), 42.51 (CH 2 ), 58.69 
15 (CH )' 121.70 (2C 2 ), 125.18 (C 4 ), 126.76 (C 4 0, 127.19 (2C 2 - or 2C 3 0, 128.21 (2C 2 * or 

2C 3 0, 129.30 (2C 3 ), 139.14 (Cp), 150.91 (Ci), 167.73 (C(O)NIl), 169.75 (C(0)CH 3 ) ' 

ppm, the signal for the carbamate carbonyl was not detected. Mass spectrum 
(FD) 341 (M + ). 

20 ' 

Anal. Calcd for Ci 8 H 19 N 3 0 4 : C, 63.33; H. 5.61; N, 12.31. Found: C, 63.06; 

H, 5.64; N, 12.12. 
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Exanvple 98 

1 Synthesis ofJ-McetamidoCbenzylcarbamoyUmethylJ-a-methylurea (2g ) 

Methyl isocyanate (0.20 g. 3.48 mmol) was added to a solution of (0.70 g. 3.16 

mmol) in THF (75 ml), and then the reaction was stirred at 45-50 °C (2 h). The 

5 white solid (0.80 g, 91%) that separated out was filtered and recrystallized from 

MeOH to give 2g: . mp 229-230 °C (d); Rf 0.25 (10% MeOH/CHCl 3 ); IR (KBr) 3200, 

3060, 1630, 1500 (br), 1350, 1300, 740, 680 cm-1; 1 H NME (DMSO-d 6 ) 8 1.82 (s’ 

C ( °)CH 3 ), 2.54 (d, J = 4.5 Hz, NHCH 3 ), 4.26 (d, J = 5.8 Hz, CH 2 ), 5.59 (t, J = 7.8 Hz. 

10 CH), 6.19 (d, J = 4.5 Hz, NHCH 3 ), 6.52 (d, J = 7.8 Hz, NHC(0)NHCH 3 ), 7.20-7.31 (m, 

5PhH), 8.38 (t, J = 5.8 Hz, NH), 8.46 (d, J" = 7.8 Hz, NH); 13C NME (DMSO-d 6 ) 22 36 

(C(0)CH 3 ), 26.03 (NHCH 3 ), 42.19 (CH 2 ), 57.92 (CH), 126.54 «V). 126.93 (2C 2 . or 

• 15 2C3 °' 128 - 06 (2 ° 2 ' 0r2C3,) ’ 13916 (Cf), 157.30 (NHC(O)NH), 168.89 (C(O)NH). 
169.37 (C(0)CH 3 ) ppm; mass spectrum (FD) 279 (M++1). 

Anal. Calcd for Ci 3 H 18 N 4 0 3 : C, 56.10; H, 6.52; N, 20.13. Found- C 56 31- 

H, 6.41; N, 20.12. ' 
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Example 99 


Synthesis of l-[Acetamido(benzylcarbanioyl)methyl]-3-phenylurea ( 2 h ) 
Phenyl isocyanate (0.42 g, 3.5 mmol) was added to a solution of (0.70 g, 3.16 
mmol) in THF (75 mL), and then the reaction was stirred at 45-50 °C (2 h). The 
white solid (0.95 g, 89%) that precipitated. was filtered and dried: mp 242-244 
°C (d); Rf.0.30 (5% MeOH/CHCl 3 ); IR (KBr) 3200 (br), 1600 (br), 1430 (br), 1300, 880; 
700 cm-1; *H NMR (DMSO-d 6 ) 8 1.86 (s, C(0)CH3), 4.30 (d, J = 5.9 Hz, CH 2 ), 5.67 (t, 
V = 7.6 Hz, CH), 6.86-6.93 (m, 2ArH), 7.20-7.32 (m, NH, 5PhH. lArH), 7.37-7.40 (m, 
2ArH), 8.56 (t, J = 5.9 Hz, NH), 8.68 (d, J = 7.6 Hz, NH), 8.89 (s, NH); 13 C NMR 
(DMSO-d 6 ) 22.38 (CCO)CH 3 ), 42.29 (CHa), 57.59 (CH), 117.61 ( 2 C 2 ), 121.37 (C 4 ), 126.57 
(C 4 O, 126.95 (2C 2 - or 2C 3 0. 128.07 (2C 2 - or 2C 3 0, 128.62 (2C 3 ), 139.12 (Ci or C r ). 

139.98 (Ci or CiO, 153.98 (NHC(O)NH), 168.55 (C(O)NH), 169.58 (C(0)CH 3 ) ppm; 
mass spectrum (FD) 340 (M+). 

Anal. Calcd for Ci8H 2 oN 4 0 3 : C, 63.52; H, 5.92; N, 16.46. Found: C, 63.22; 
H, 5.92; N, 16.20. 
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Example 100 

<w 

(0.70 E 3. 16 nCS iS ° Cyanate (0 ' 64 g ' 3 48 mm ° I) W3S added 40 « -'“^n „ f 2r 

5 (22 h) The in 'i™* (75 ^ ^ thGn ^ r?aCti ° n WaS stirred at 50-55 °C 

. . . gf 66%) that separated on cooling was filtered anH 

(br) ;Z 188 ' 1W '° C (d); Rr0 ' n (10% Me0H/CH Cl 3 ); IR (KBr) 3250, 1630 (hr), 1500 

5 7 Hz CU Tr’ 870, 700 Cm ^ lH ^ (DMSO ' d6) 6 ^ Cs. C(O)CHg), 4.24 (d J- 

- z * r- - - ^ 

- Hz, 2ArH), 8.54 (t, J = 5.7 pj 2 j^tt) o 7n r , r 

(0.80 (s, NH); 13 C ^ ^ 8 - 70 «■ ^ ™ Hz. Nil* 

(C,). 12 G . 89 C2C2) 127 12 (2C !! 3 ' <CH2) ' 57 ' 14 <CH> - 12S - 58 

2 ), 7.12 (2C 2 « or 2C 3 0, 128.05 (2C 2 - or 2C<i0 1 ?« or (on ^ 

CC 4 ), 158.88 ( Cl or C r ) 189 87 fC n \ ( ^ 133 ‘ 25 

15 169.58 (CCO)CH 1 ’ ’ °- 36 (NHCC0 > N H>. 167.55 (C(O)NH), 

3) ppm, mass spectrum (FD) 405 (M + +l) 

Anal. Calcd for CisHonN^Or^- n ci a r tt 
H. 5.04; N. 13.62. : H ' ^ * 13 ' 85 ' F °“" d; C. 53.23; 
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Exainple 101 

1 Synthesis ofl-[Acelamido(benzylcarbamoyl)melhylJ^.methylthiourea (2jj. 

A solution of 2r (0.50 g, 2.26 mmol) and methyl iso thiocyanate (0.20 g, 2.27 mmol) 
in THF (75 mL) was heated to reflux (4 h), and then the volatile materials were 
5 removed in vacuo . The residue was reciystallizedfrom absolute EtOH to give 2i as 
a white solid (0.22 g, 33%). mp 162-163 °C (d); RfO-45 (10% MeOH/CHCI 3 ); IR (KBr) 
3400 (br), 3220 (br), 1620, 1500, 1430, 1340, 740 cm-*; J H NMR (DMSO-d 6 ) 5 1.83 (s, 
1Q C(0)CH 3 ), 2.85 (br s, NHCH3), 4.27 (d, J = 5.8 Hz, CH 2 ), 6.10 (br s, CH), 7.17-7.30 
(m, 5PhH), 7.80 (br s, NH), 7.96 (br s, NH), 8.44 (br s, Nil), 8.72 (s, NH); 13Q NMR 
(DMSO-d G ) 22.39 (C(0)CH 3 ), 30.92 (NHCH 3 ), 42.45 (CH 2 ), 61.33 (CH), 126.68 (C 4 0, 
127.06 (2C 2 - or 2C 3 0, 128.16 (2C 2 - or 2C 3 0, 139.15 (C r ), 168.17 (C(O)NH), 170.03 
(C(0)CH 3 ) ppm, the signal for the thiocarbonyl carbon group was not detected. 
Mass spectrum (FD) 294 (M + ). 

Anal. Calcd for C 13 H 18 N 4 0 2 S: C, 53.04; H, 6.16; N, 19.03. Found: C, 53.16; 
H, 6.31; N, 18.89. 
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Example 102 

1 Synthesis of l-[Acetamido(benzylcarbcunoyl)methyl]-3-phenylthiourea ( 2 k). 

A solution of 2r (0.70 g, 3.16 mmol) and phenyl iso thiocyanate (0.47 g, 3.48 mmol) 
in THF (75 mL) was heated to reflux (3 h), and then the volatile materials were 
5 removed in vacuo. The residue was triturated with EtOH (15 mL), and the white 
solid material (0.70 g, 62%) that remained was filtered and recrystallized from 
absolute EtOH: mp 196-197 °C (d); Kf 0.65 (10% MeOH/CHCl 3 ); JR (KBr) 3400 (br), 
3240 (br), 1620, 1470 (br), 1330, 750, 670 cm**; *H NMR (DMSO-d 6 ) 5 1.89 (s, 
10 C(0)CII 3 ), 4.32 (d, J = 5.8 Hz, CH 2 ), 5.24 (t, J = 6.9 Hz, CH), 7.09-7.43 (m, 3ArH, 

5PliH), 7.52-7.55 (m, 2ArH), 8.13 (d, J = 6.9 Hz, Nil), 8.55 (br s. Nil), 8.85 (br s, 
NH), 10.11 (s. Nil); 13c NMR (DMSO-d 6 ) 22.22 (C(0)CH 3 ), 42.36 (CH 2 ), 61.18 (CH), 
122.76 (2C 2 ), 124.29 (C4), 126.53 (C 4 ’), 126.90 (2C 2 - or 2C 3 0, 128.00 (2C 2 * Or 2C 3 0, 
15 128.40 (2C 3 ), 138.94 (Ci or C r ) p 139.01 (Ci or Cr), 167.82 (C(O)NH), 169.98 

(C(0)CH 3 ), 180.02 (C(S)) ppm; mass spectrum (FD) 356 (M + ). 

Anal. Calcd for Ci 8 H 20 N 4 O 2 S: C. 60.65; H, 5.66; N, 15.72. Found: C, 60.43; 
H, 5.70; N, 15.62. 
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Example 103 

1 Synthesis 0 fh£-fAcelamido(benz.ylcarhainoyl)methyl]phthalamic acid ( 21 ). 

To a wdrm pyridine solution (7.0 mL) containing 2r (0.63 g, 2.83 mmol), phthalic 
anhydride (0.43 g, 2.87 mmol) was added, and the reaction was stirred at 50-55 °0. 
(5 h). Pyridine was removed by distillation in vacuo and the residue was treated 
-with H 2 0 (20 mL). The aqueous mixture was extracted with EtOAc (2 x 20 mL) 
and then acidified with aqueous 1 N HC1 solution. The white solid (0.70 g, 70%) 
that precipitated was filtered, washed with H 2 0 (10 mL), and dried: mp 
186-188 °C; ! H NMR (DMSO-d 6 ) 6 1.90 (s, C(0)CII 3 ), 4.36 (d, J = 6.0 Hz, CH 2 ), 5.92 
(t, J = 7.2 Hz, CII), 7.20-7.31 (m, 5PhH), 7.43 (d, J = 7.3 Hz, C 6 II), 7.50-7.63 (m, C 4 H, 
C r) II), 7.82 (d, J = 7.3 Hz. C3II), 8.41-8.48 (m, 2NII), 9.01 (d. J = 7.2 Hz, Nil), 13.30 

15 (br s ’ C ° 2H); 13 C NMH (DMSO-d G ) 22.46 (C(0)CH 3 ), 42.39 (CH 2 ), 57.44 (CH), 126.57, 
126.92, 127.81, 128.09, 128.72, 129.36, 129.85, 131.49, 137.78, 138.99 (ArC, PhC), 
167.85, 167.93, 168.48, 169.47 (C(O)) ppm; mass spectrum (FD) 370 (M + +l). 

Anal. Calcd for Ci 9 H 19 N 3 05 : C, 61.78; H, 5.18; N, 11.38. Found: C, 61.63; 
20 H, 5.05; N, 11.16. 
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Example 104 

Synthesis of2-Acetamido-N-benzyl-2-(N-succinimidyl)acetamide ( 2 m) . A 
cooled (-78 °C) THF solution (150 mL) of 2s 2 (p repared from 2-acetamido-N-benzyl- 
2-ethoxyacetamide 4 > 5 (2.00 g, 8.0 mmol) and BBr 3 (2.51 g, 10.05 mmol)) was added 
slowly into a cooled (-78 °C) THF suspension (50 mL) of sodium succinimide (3.06 
. g, 25.25 mmol). The reaction mixture was stirred at -78 °C (30 min) and at 
room temperature (90 min), and then treated with a 10% aqueous citric acid 
solution (50 mL). The resulting solution was neutralized with a saturated 
aqueous NaHC0 3 solution, and the reaction mixture extracted with EtOAc (3 x 100 
mL). The combined extracts were dried (Na 2 S0 4 ), and the volatile materials were 
removed by distillation in vacuo. The residue was purified by flash column 
chromatography on Si0 2 gel (6% MeOH/CHCl 3 ) to give 1.10 g (45%) of 2m: mp 181- 
183 °C (recrystallized from ElOH); Rf 0.26 (6% MeOH/CHCl 3 ); IR (KBr) 3340 (br), 
1620 (br), 1480 (br), 1340, 780, 670 cnr*; *H NMR (DMSO-d 6 ) 6 1.90 (s, C(0)CH 3 ), 
2.67 (s, CH 2 CII 2 ), 4.23-4.36 (m, CH 2 ), 6.31 (d, J = 9.0 Hz, CH), 7.17-7.35 (m, 5 PhH), 
8.63 (t, J = 5.9 Hz, NH), 8.72 (d, J = 9.0 Hz, NH); 13c NMR (DMSO-d G ) 22.36 
(C(0)CH 3 ), 27.99 (s, CH 2 CH 2 ), 42.59 (CH 2 ), 55.19 (CH), 126.63 (C 4 '), 126.96 ( 2 C 2 ’ or 
2C 3 ’), 128.08 (2C 2 * or 2C 3 *), 138.91 (Ci*), 165.41 (C(O)NH), 169.86 (C(0)CH 3 ), 176.33 

(C(0)CH 2 CH 2 C(0)) ppm; mass spectrum (FAB) 304 (M++1, 17), 163 (12), 155 (4 8 ), . 
25 152 (51), 135 (68), 119 (100). 

Anal. Calcd for Ci 5 H 17 N 3 0 4 : C, 59.40; H, 5.65; N, 13.85. Found: C, 59.63; 
H, 5.70; N, 13.66. 
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Example 105 


1 Synthesis of Benzyl U-[Acetamidoa>enzylcarbamoyl)methyl]inalonamatc 

(2n). 4 -Methyl morpholine (0.35 g. 3.5G mmol) was added to a solution of N-CBZ- 
glycine (0.74 g, 3.55 mmol) in TIIF (75 mL) at -10 to -15 °C. The solution was 
^ 'rred (5 min), and then isobutyl chlorofonnate (0.49 g, 3.55 mmol) was added and 
the mixture was stirred for an additional 20 min. A cooled (-10 °C) solution of2x 
(0.79 g, 3.55 mmol) in THF (125 mL) was then added slowly (30 min). The reaction 
mixture was stirred at this temperature (2 li) and then at room temperature (2 h). 


10 The insoluble materials were filtered and the filtrate was concentrated in vacuo 
The residue was triturated with EtOAc (20 mL) and the white solid (0.60 g) that 
remained was filtered, washed with H 2 0 and dried to give Zn.. The initial 
insoluble material on trituration with H 2 0 gave an additional 0.40 g of 2n to give a 


15 combined yield of 1.00 g (68%); mp 177-179 °C (recrystallized from EtOH); RpO.46 
(10% MeOH/CHCl 3 ); ER (KBr) 3400 (br), 3260, 1640 (br), 1540 (hr). 1480, 1450, 1370, 
760. 690 cm-i; Hi NMR (DMSO-d 6 ) 8 1.86 (a, C(0)CII 3 ), 3.60-3.77 (m, C(0)CH 2 NH),’ 
4.28 (d, J = 6.8 Hz, CII 2 ). 6.01 (s, OCH 2 Ph), 5.79 (t, J - 7.7 Hz, CII), 7.18-7.34 (m,.5 
20 PhH ’ 6 ^ rH) - 7 49 (*•• J = 5.8 Hz, NH), 8.43-8.55 (m, 3 x Nil); 13Q NMR (DMSO-d 6 ) 
22.36 (C(0)CH 3 ), 42.28 (CH 2 ), 43.39 (C(0)CH 2 NH), 56.77 (CH), 65.42 (OCH 2 Ph), 
126.55 (2C), 126.94 (2C). 127.54, 127.66. 128.04 (2C), 128.22 (2C), 136.89, 138.96 (ArC, 
PhC), 156.40 (NHC(0)OCH 2 Ph), 167.86 (NHC(0)CH 2 ), 168.96 (C(O)NH), 169.30 
(C(0)CH 3 ) ppm; mass spectrum (FD) 413 (M++1, 100), 278 (75). 

Anal. Calcd for C 21 H 2 4N 4 0 5 : C, 61.16; H, 6.87; N, 13.58. Found: C, 60.90; 
H, 5.77; N, 13.35. 


25 



Example 106 

Synthesis of Ethyl N-[Acetamido(benzylcarbamoyl)methyl)glycinate (26). A 
methanolic solution (70 mL) containing 2i ; (1.50 g, 4.28 mmol) and ethyl glycinate 
(prepared from ethyl glycinate hydrochloride (3.10 g, 22.2 mmol), NaOMe (1.17 g, 
21.74 mmol)) was heated to reflux (2h). The reaction was concentrated in vacuo to 
give an oily residue _th'afc- was purified by flash column chromatography on Si02 
gel (5% MeOH/CHCl 3 ) to give 0.G0 g (46%) of mp 125-127 °C (recrystallized from 
EtOAc); Rf 0.43 (5% MeOH/CHCl 3 ); IR (KBr) 3400 (br), 3200, 1710, 1600, 1500, 1430, 
1350, 740, 680 cm-l; *H NMR (DMSO-d 6 ) 8 1.17 (t, J = 7.1 Hz, OCH2CH3), 1.86 (s, 
€(0)0113), 2.65-2.74 (m, NIICH 2 C(0)), 3.26-3.33 (m. NHCII 2 C(0)), 4.07 (q, J = 7.1 
Hz, OCII2CH3), 4.28 (d, J = 5.8 Hz, CH 2 ), 5.01 (t, J = 8.2 Hz, CII), 7.19-7.35 (m, 5 
PhH), 8.25 (d, J = 8.2 Hz, Nil), 8.58 (t, J = 5.8 Hz, Nil); 13 C NMR (DMSO-d 6 ) 13.98 
(OCH 2 CH 3 ), 22.46 (C(0)CH 3 ), 42.13 (CH 2 ), 46.22 (NHCH 2 C(0)), 60.07 (OCH 2 CH 3 ), 
63.96 (CH), 126.67 (C 4 ’), 127.09 (2C 2 ’ or 2C 3 '), 128.13 (2C 2 ’ or 2C 3 '), 139.07 (C^), 

169.07 (C(O)NH), 170.09 (C(0)CH 3 ), 171.56 (C(0)0CH 2 CH 3 ) ppm; mass spectrum 
(FD) 342 (M + ). 

Anal. Calcd for Ci 5 H 21 N 3 0 4 : C, 58.62; H, 6.89; N, 13.67. Found: C, 58.83; 
H, 7.00; N, 13.73. 



Example 107 


1 Synthesis of Benzyl H-[Acetamido(benxylcarbamoyl)methyl]glycincde ( 2 p) 

A suspension of benzyl glycinate hydrochloride (5.00 g, 24.8 mmol) in THF (400 
mL) containing Et 3 N (4.90 g, 48.5 mmol) was stirred (4 h) at room temperature, 
5 The reaction mixture was cooled (-78 °C) and then a cooled (-78 °C) THF solution 
(150 mL) of 2s (prepared from 2-acetamido-N-benzyl-2-ethoxyacetamide (4.00 g, 
16.0 mmol) and BBrg (1 M in CH 2 C1 2 , 20.0 mL, 20.0 mmol)) was added (30 min). 
The reaction mixture was stirred at -78 °C (30 min) and then at room temperature 
10 (16 h). The insoluble materials were filtered, the filtrate concentrated in vacuo, 
and the residue was purified by flash column chromatography on Si0 2 gel (3% 
MeOH/CHClg) to give 1.56 g (26%) of 2p as a white solid: mp 133-135 °C 

15 (recrystallized from EtOH); Hf 0.36 (3% MeOH/CHCl 3 ); IR (KBr) 3400, 3220, 1710, 
1620, 1510, 1440, 1350, 740, 680 cm*l; 1H NMR (DMSO-d 6 ) 5 1.85 (s, C( 0 )CH 3 ), 2.71- 
2.82 (m, NHCH 2 C(0)), 3.39 (d, J = 6.1 Hz, NHCHHC(O)), 3.40 (d, J = 6.1 Hz, 
NHCHHC(O)), 4.27 (d, J = 6.1 Hz, CII 2 ), 5.02 (t, J = 8.2 Hz, CH), 5.11 (s, OCH 2 Ph), 
20 (m, 5 PhH, 5 ArH), 8.24 (d, J = 8.2 Hz, NH), 8.57 (t, J = 6.1 Hz, NH); 13c 

,NMR (DMSO-d 6 ) 22.42 (C(0)CH 3 ), 42.11 (CH 2 ), 46.22 (NHCH 2 C(0)), 63.94 (CH), 
65.53 (OCH 2 Ph), 126.62, 127.05 (2C), 127.80 (2C), 127.91, 128.08 (2C), 128.29 (2C), 
135 ‘ 87 ’ 139 - 02 (ArC, PhC), 169.01 (C(O)NH), 170.06 (C(0)CH 3 ), 171.45 
25 (C(0)OCH 2 Ph) ppm; mass spectrum (FD) 370 (M++1). 

Anal. Calcd for C 20 H 23 N 3 O 4 : C, 65.03; H, 6.28; N, 11.37. Found: C, 65.15; 
H, 6.53; N, 11.31. 
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Example 108 


Synthesis ofN-[Acctarnido(benzylcarba.nioyl)tncthyl]glycine (2q). A solution 
of methyl N-[acetanudo(benzylcarbamoyl)meLhyl]glycinate (0.60 g, 2.05 mmol) and 
^^H (0.30 g, 5.36 mmol) in 90% aqueous EtOII (50 mL) was stirred at room 
temperature (48 h). The volatile materials were then removed in vacuo , and the 
.residue dissolved in H 2 O (10 mL). The aqueous solution was extracted with EtOAc 
(2 x 20 mL), and the aqueous layer was acidified to pH ~2.0 with aqueous 1 N HC1. 
A column containing ion exchange resin Dowex 50X W4 was prepared using 10% 
aqueous pyridine. The column was thoroughly washed with H 2 O. The acidic 
aqueous reaction solution was added to the top of the column, and the column was 
eluted with H 2 O (300 mL) or until the eluate was neutral. The column was then 
eluted with 10% aqueous pyridine (400 mL). The aqueous pyridine fraction was 
concentrated in vacuo to give a white solid, dried in vacuo, and then triturated 
with absolute EtOH (7 mL). The insoluble materials that remained were filtered 
and dried to give 0.29 g (50%) of 2a: mp 124-126 °C (d); IR (KBr) 3400, 3200, 1630, 
1500, 1370, 690 cm**; Hi NMR (DMSO-d 6 ) 8 1.84 (s, C(0)CII 3 ), 3.26 (s. CH 2 C(0)), 
4.29 (d, J - 5.7 Hz, CH 2 ), 4.98 (d, J = 8.2 Hz, CII), 7.21-7.33 (m, Nil, 5 PhH), 8.39 (d, 
J = 8.2 Hz, Nil), 8.47 (t, J = 5.7 Hz, NH); 13 C NMR (DMSO-d 6 ) 22.41 (C(0)CH 3 >, 
41.98 (CH 2 ), 47.48 (CH 2 C(0)), 64.08 (CH), 126.75 (C^), 127.21 (2C 2 ‘ or 2C 3 '), 128.24 

(2C 2 ’ or 2C 3 '), 139.23 (Ci'), 169.91 (C(O)NH), 170.02 (C(0)CH 3 ), 170.20 (CH 2 C(0)) 
ppm. 

Anal. Calcd for Ci 3 Hi 7 N 3 0 4 : C, 55.91; H, 6.13; N, 15.04. Found: C, 55.68; 
H, 6.06; N, 14.74. 




Example 109 

1 Synthesis of 2-Acetamido-N~beivzyl-2-(l -pyrrole) acetamide. A cooled (-78 °C) 

THF solution (225 mL) of 2-acetamido-N-benzyl-2-bromoacetamide (prepared from 

2-acetamido-N-benzyl-2-ethoxyacetamide (2.00 g, 8.0 mmol) and BBr 3 (1 M CH 2 C1 2 

5 solution, 8.8 mL, 8.8 mmol)) was added under N 2 to a cooled (-78 °C) suspension of 

potassium pyrrole (2.71 g, 25.8 mmol) in THF (25 mL). The reaction mixture was 

stirred at -78 °C (1 h) and then at room temperature (1 li), and then treated with 

H 2 0 (10 mL) and acidified ("pH" 4.0) with 5% citric acid. The reaction was made 

10 basic with aqueous saturated Na 2 C03 solution, and the - aqueous mixture was 

extracted with EtOAc (2 x 250 mL) and the combined organic layers were dried 

(Na 2 S04). The volatile materials were removed in vacuo and the residue was 

purified by flash column chromatography on Si0 2 gel using 3% MeOH/CHCl 3 as 
15 

the eluant to give 0.40 g (18%) of the desired product. The compound X was 
purified by recrystallization from EtOH: mp 182-184 °C; Rf 0.44 (4% . 

MeOH/CHCl3); IR (KBr) 3400, 3280, 1G30, 1520, 1370, 740, 720 cm- 1 ; !H NMR 
2Q (DMSO-dg) 5 1.91 (s, C(0)CH 3 ), 4.30 (d, J = 5.5 Hz, CII 2 ), 6.01 (s, 2 x C 3 II), 6.38 (d, J 
= 8.7 Hz, CII), 6.85 (s, 2 x C 2 I1), 7.11-7.35 (m, 5PhII), 8.96 (t, J = 5.5 Hz, Nil), 9.14 (d, 
J = 8 - 7 Hz - NH); 13c NMR (DMSO-d 6 ) 22.22 (C(0)CH 3 ), 42.15 (CH 2 ), 62.86 (CH), 
107.79 (2C a ), 119.19 (2C 2 ), 126.76 (C 4 '), 127.01 (2C 2 - or 2C 3 0, 128.11 (2C 2 - or 2C3.), 

25 138.34 (Cr), 166.37 (C(O)NII), 169.41 (C(0)CII 3 ) ppm; mass spectrum, m/e (relative, 

intensity) 272 (M++1, 22), 271 (M+, 100). 

Anal. Calcd for Ci5Hi 7 N 3 O 2 0.2 H 2 Oi C, 65.53; H, 6.37; N, 15.28. Found: C, 
65.80; H, 6.22; N, 15.13. 
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Example 110 

1 Synthesis of 2-Acetainiclo-N-benzyl-2-(l-pyrazole) acetamide. To a cooled (-78 

°C) solution (250 mL) of 2-acetamido-N-benzyl-2-bromoacetamide (prepared from 
2-acetamido-N-benzyl-2-ethoxyacetamide (3.60 g, 14.4 mmol) and BBr 3 (1 M 
5 CH 2 C1 2 solution, 15.8 mL, 15.8 mmol)), a THF solution (20 mL) of Et 3 N (2.91 g, 28.8 
.mmol) was added; followed by the addition of THF solution (30 mL ) of pyrazole 
(1.17 g, 17.28 mmol). The mixture was stirred at -78 °C (30 min) and room 
temperature (1 h). The insoluble materials were filtered and the solvents removed 
in vacuo. The residue was purified by flash column chromatography on Si0 2 gel 
using 4% MeOH/CHCl 3 as the eluant to give 0.80 g (22%) of the desired product. 
The compound X was recrystallized from EtOAc as a white solid: mp 158-160 °C; 
Rf 0.51 (6% MeOH/CHCl 3 ); IR (KBr) 3400, 3180, 1650, 1530, 1470, 1370, 1350, 740, 700 
15 cm* 1 ; 1H NMR (DMSO-d 6 ) 6 1.93 (s, C(0)CH 3 ), 4.29 (d, J = 5.8 Hz, CH 2 ), 6.26 (s, 

C 4 H), 6.57 (d, J = 8.8 Hz, CH), 7.15-7.33 (m, 5PhH), 7.48 (br s, C 5 H), 7.76 (br s, C 3 H), 
8.96 (t, J = 5.8 Hz, NH), 9.23 (d, J = 8.8 Hz, NH); NMR (DMSO-d 6 ) 22.41 
^ (C(0)CH3), 42.40 (CH 2 ), 65.51 (CH), 105.37 (C 4 ), 126.87 (C 4 >), 127.14 (2C 2 * or 2C 3 0, 

128.25 (2C 2 ' or 2C 3 0, 129.00 (C 5 ), 138.59 (C 3 ), 139.17 (Cr), 165.68 (C(O)NH), 169.81 
(C(0)CH 3 ) ppm; mass spectrum, m/e (relative intensity) 273 (M++1, 11), 272 (M+* 
2), 139 (83), 138 (100), 92 (37). 

25 Anal. Calcd for Ci 4 Hi 6 N 4 0 2 : C, 61.75; H, 5.92; N, 20.57. Found: C, 61.95; 

H, 5.96; N, 20.28. 
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Example 111 


1 Synthesis of 2- Acetajni<lo-M-henzyl-2-(l-imidazole) acetamide. Using the 

preceeding procedure, 2-acetamido-N-benzyl-2-ethoxyacetamide (2.00 g, 8.0 
mmol), BBr 3 (1 M CH 2 C1 2 solution, 8.8 mL, 8.8 mmol), Et 3 N (1.62 g, 1.60 mmol), 

5 and imidazole (0.60 g, 8.8 mmol) gave 0.60 g (30%) of the desired product. 

.Compound X was recrystallized from ethyl acetate/hexane as a beige colored 
solid: mp 146-148 °C; Rf 0. (7% MeOH/CHCl 3 ); IR (KBr) 3400 (br), 1640, 1560, 1480, 
1360, 720, 670 enr 1 ; *H NMR (DMSO-d 6 ) 8 1.85 (s, C(0)CH 3 ), 4.30 (br s, Cn 2 ), 6.53 
10 (d, J = 8.0 Hz, CII), 6.89 (s, C 5 H), 7.12-7.33 (m, C4II, 5PliH), 7.69 (s, C 2 II), 9.06 (br s. 

NH), 9.29 (d, J = 8.0 Hz, NH); 13 C NMR (DMSO-de) 22.28 (C(0)CH 3 ), 42.36 (CH 2 ), 
61.18 (CH), 117.56 (C 6 ), 126.92 (C 4 0, 127.16 (20^ or 2C 3 0, 128.19 (C 4 ), 128.26 (20*- or 
2C 3 0, 136.21 (C 2 ), 138.27 (CiO, 165.72 (C(O)NH), 169.77 (C(0)CH 3 ) ppra; mass 
spectrum, FD (relative intensity) 274 (M + +2, 12), 273 (M++1, 77), 272 (100), 205 (34), 
274 (18). 

Anal. Calcd for Ci4Hi 6 N 4 0 2 : C, 61.75; H, 5.92; N, 20.57. Found: C, 61.95; 
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Example 112 

1 SyritJiesis of2-Acetcunido-N-benzyl-2-(l-(l£,4-triazole))ac*itcunide. Using 2- 

acetamido-N-benzyl-2-ethoxyacetamide (4.00 g, 16.0 mmol), BBr3 (1 M CH2CI2 
solution, 17.6 mL, 17.6 mmol), Et 3 N (4.85 g, 48i0 mmol), and 1,2,4-triazole (1.43 g, 
5 20.8 mmol), 1.20 g (28%) of the desired product was obtained. Compound X was 
.recrystallized from EtOAc as an amorphous white solid: mp 146-148 °C; Rf 0.48 
(6% MeOH/CHCl 3 ); III (KBr) 3400, 1660, 1470, 1370, 830 cm- 1 ; l K NMR (DMSO-de) 8 
1.85 (s, C(0)CH 3 ), 4.32 (br s, CH 2 ), 6.70 (d, J = 7.8 Hz, CH), 7.21-7.29 (m, 5PhH), 
10 8.01 (s, C 3 H), 8.57 (s, C 5 H), 9.04 (br s, NH), 9.39 (d, J = 7:8 Hz, NH); 13 C NMR 

(DMSO-de) 22.39 (C(0)CH 3 ), 42.59 (CH 2 ), 65.02 (CH), 126.97 (C 4 0, 127.25 (2C 2 - or 
2C 3 0, 128.32 (2C 2 - or 2C 3 0, 138.47 (Cp), 143.93 (C 5 ), 151.50 (C 3 ), 164.77 (C(O)NH), 
170.23 (C(0)CH 3 ) ppm; mass spectrum, FD (relative intensity) 274 (M++1, 100), 273 
15 (11), 205 (19), 204 (13), 140 (67), 139 (31). 

Anal. Calcd for C13H15N5O2: C, 57.13; H, 5.53; N, 25.63. Found: C, 57.37; 
H, 5.66; N, 25.38. 
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Example 113 

1 Synthesis °f2~Acctaniido-N-beiizyl.2-(l-tetixuzole))acctarnide. Making use of 

2-acetamido-N-benzyl-2-ethoxyacetaraide (3.00 g, 12.0 mmol), BBr 3 (1 M CH 2 C1 2 

solution, 13.2 mL, 13.2 mmol), Et 3 N (2.42 g, 24.0 mmol), and tetrazole (1.10 g, 15.6 
5 °-90 g (27%) of the desired product was obtained as a white solid. The 

compound X wa S recrystallized from ElOH: mp 169-171 °C; Rf 0.22 (4% 

MeOH/CHCl 3 ); IR (KBr) 3300 (br), 1660, 1510, 1360, 870, 740 cm- 1 ; !H NMR (DMSO- 
d 6 ) 5 1.97 (s, C(0)Cn 3 ), 4.25-4.40 (m, CH 2 ), 7.05 (d, «/= 8.4 Hz, CH), 7.21-7.38 (m, 
10 5PhH), 9.23 (t, J = 5.5 Hz, Nil), 9.44 (s, C 5 H), 9.69 (d, J = 8.4 Hz, Nil); !3C NMR 
(DMSO-dg) 22.38 (C(0)CH 3 ). 42.78 (CH 2 ), 63.62 (CH), 127.10 (C 4 0, 127.39 (2C 2 .'or 
2C 3 0, 128.38 (2C 2 . or 2C 3 0, 138.26 (C r ), 143.67 (C 5 ), 163.88 (C(O)NH), 170.62 

(C(0)CH 3 ) ppm; mass spectrum, FD (relative intensity) 275 (M + , 79), 273 (14), 206 
15 (100), 205 (50). 

Anal. Calcd for C 12 Hi4N 6 0 2 : C, 52.55; H, 5.15; N, 30.64. Found: C, 52.75 ; ;: 
II, 5.33; N, 30.64. 
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Example 114 

Synthesis of cc-Acetamido-N-benzyl-l-(dirnethylsulfcimoyl)imidazole-4- 
acetamide. To a cooled (-78 °C) THF solution (150 mL) of 2-acetamido-N-benzyl-2- 
bromoacetamide (prepared from 2-acetamido-N-benzyl-2-ethoxyacetamide (2.00 g, 
8.0 mmol) and BBr 3 (1 M solution in CH 2 CI 21 9.0 mL, 9.0 mmol)) was added EtjjN 
(1.62 g, 16.0 mmol), and then a THF solution of the 2-lithio salt of N,N- 
dimethylimidazole-l-sulfonamide (generated by the addition of n-BuLi (2.5 M in 
hexane, 3.9 mL, 9.68 mmol) into a cooled (-78 °C) THF solution (25 mL) of N,N- 
dimethylimidazole-l-sulfonamide (1.54 g, 8.8 mmol)) was added during a 15 min 
interval. The reaction mixture was stirred at this temperature (30 min ) and then 
at room temperature (45 min). A saturated aqueous NH 4 C1 solution (50 mL) and 
H 2 O (50 mL) were then sucessively added to the reaction, and the aqueous mixture 
was extracted with EtOAc (3 x 50 mL). The combined extracts were dried 
(Na 2 S 04 ), and the volatile materials were removed by distillation in vacuo. The 
residue was purified by flash column chromatography on Si0 2 gel (4% 
MeOH/CHCl 3 ) to give 0.50 g (17%) of the desired product: mp 145-147 °C 

(recrystallized from EtOAc/hexane); Ryr 0.35 (4% MeOH/CHCl 3 ); m (KBr) 3400, 
1640, 1530, 1380, 720 cm-1; 1H NMR (DMSO-d 6 ) 6 1.96 (s, C(0)CH s ), 2.77 (s, 
N(CH 3 ) 2 ), 4.25 (dd, J = 6.0, 15.5 Hz, CHH), 4.34 (dd, J = 6.0, 15.5 Hz, CHH), 5.43 (d, 
J = 8.0, Hz, CH), 7.19-7.30 (m, 5 Phil), 7.40 (s, C 5 H), 8.17 (s, C 2 H), 8.42 (d, J = 8.0 
Hz, NH), 8.67 (t, J = 6.0 Hz, NH); 13C NMR (DMSO-d 6 ) 22.42 (C(0)CH 3 ), 37.80 
(N(CH 3 ) 2 ), 42.11 (CH 2 ), 51.40 (CH), 115.50 (C 6 ), 126.64 (C 4 ') f 126.94 (2C 2 ' or 2C 3 '), 
128.12 (2C 2 ' or 2C 3 '), 136.70 (C 2 ), 139.17 (Ci'), 140.26 (C 4 ), 168.93 (C(O)NH), 169.09 
(C(0)CH 3 ) ppm; mass spectrum (FD) 380 (M++1, 34), 248 (13), 247 (100), 108 (64). 

Anal. Calcd for Ci 6 H 2 iN 5 04 S: C, 50.65; H, 5.58; N, 17.87. Found: C, 51.92; 
H, 5.65; N, 18.09. 
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Synthesis of a-Acetamido-N-benzyl-^dmidazole acetamide, . A 75% aqueous 
EtOH (16 mL) solution of a-acetamido-N-benzyl-l-CN.N-dimelhylsuiramidoJimi'cla- 

zole-4-acetamide (0.85 g, 3.05 mmol) was acidified ("pH" ~1.5) with ethanolic HC1, 
and the solution was heated to reflux (8 h). The reaction was neutralized with a 
saturated aqueous NaHC0 3 solution and the EtOH-H 2 0 azeotrope removed by 
lation in vacuo. The remaining aqueous layer was made basic ("pH" 10) 
with aqueous NaOH. The aqueous mixture was extracted with EtOAc (3 x 50 mL) 
and the combined extracts were dried (Na 2 S0 4 ). The reaction was concentrated zn 
vacuo to give 0.35 g (57%) of the desired product: mp 189-191 <>C (d) (reczys tailed 
from acetone); Rf 0.19 (10% MeOH/CHCl 3 ); IR (KBr) 3400, 3260, 1650, 1600. 1500, 
1430, 1360, 1330, 730. 710 cm-l; Hi NMR (DMSO-d 6 ) 8 1.88 (s, C(0)CH 3 ), 4.28 (d, </ = 

15 5.9 Hz, CII 2 ), 5.38 (d, J = 6.8 Hz, CII), 5.38 (br s, C 5 H), 7.15-7.30 (m, 5 Phil), 7.60 (s, 

C 2 H), 8.26 (br s, Nil), 8.53 (br s Nil) 12 m o xt™ 

v ’ J-Z.ui (.br s. Nil) ppm; mass spectrum (FD) 

273 (M++1). 

Anal. Calcd for C m H 16 N 4 0 2 : C. 61.75; H, 5.92; N. 20.58. Found: C, 61.59; 
20 H, 5.98; N, 20.37. 
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Example 116 

Synthesis of CL-A.cetanxiclo-N-henxyl-2~inixd.az.ole acetamide. 

Preparation of l-diethoxvmethvl-2-Iithioimidazole . n-BuLi (2.5 M in 
hexane, 6.8 mL, 17.0 mmol) was added to a cooled (-46 °C) solution of 1- 
diethoxymethylimidazole (2.90 g, 17.06 mmol) in THF (45 mL) under N2 atm. The 
solution was stirred at -46 °C (15 min) to give the desired product. 

Preparation of a-Acetamido-N-benzvl-2-imidazoleacetamide . The 2-lithio 
salt solution of 1-diethoxymethylimidazole was added dropwise (15 min) into a 
cooled (-78 °C) THF solution (130 mL) of 2-acetamido-N-benzyl-2-bromoacetamide 
(prepared from 2-acetamido-N-benzyl-2-ethoxyacetamide (2.00 g, 8.0 mmol) and 
BBr3 (1 M in CH2CI2, 10 mL, 10.0 mmol)). The reaction was stirred at -78 °C (1 h) 
and then quenched with a saturated aqueous NH4CI (50 mL) solution. The 
mixture was stirred at room temperature (30 min), and made basic ("pH" 9.2) by 
adding aqueous K2CO3. The aqueous mixture was extracted with EtOAc (3 x 100 
mL), and the combined extracts were dried (Na2S04). The solvents were removed 
in vacuo and the residue was purified by flash column chromatography on Si02 
gel (2.5% MeOH/CHCl3) to give 0.14 g (7%) of the desired product: mp 228-230 °C 
(recrystallized from EtOH); R f 0.46 (10% MeOH/CHCl 3 ); IR (KBr) 3200 (br), 1610, 
1500 (br), 1430, 1350, 740, 680 cm-l; *H NMR (DMSO-d 6 ) 5 1.91 (s, C(0)CH 3 ), 4.29 (d, 
J = 5.6 Hz, CH 2 ), 5.51 (d, J = 7.7 Hz, CH), 6.85 (br s, C 4 H), 7.05 (br s, C 5 H), 7.18-7.30 
(m, 5 PhH), 8.42 (d, J = 7.7 Hz, NH), 8.65 (t, J = 5.6 Hz, NH), 11.91 (br s, NH); 13 q 
NMR (DMSO-de) 22.49 (C(0)CH 3 ), 42.21 (CH 2 ), 51.62 (CH), 126.60 (C 4 '), 126.98 (2C2' 
or 2C 3 '), 127.21 (C4), 128.09 (2C2' or 2C 3 '), 128.32 (C 6 ), 139.05 (Ci'), 143.74 (C 2 ), 
168.12 (C(O)NH), 169.30 (C(0)CH3) ppm; mass spectrum (FD) 273 (M++1, 65), 272 
(M + , 100). 

Anal. Calcd for C 14 H 16 N40 2 : C, 61.75; H, 5.92; N, 20.58. Found: C, 61.56; 
H, 5.92; N, 20.37. 
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Example 117 


1 S y ,the ‘ is °f a -tee‘™>ido-N-be,i Z yl.S-(telrazoIe)acetamide. A mixture eff- 

ace tamido-N-benzyl-2-cyanoacetamide (1.00 g, 4.33 mmol), potassium azide (R70 
g, 20.90 mmol) and Et 3 N.HCl (1.78 g, 13.0 mmol) in l-methyl-2-pyrrolidinone (125 
5 mL) was stirred at 110 «C (7 h). After cooling, aqueous concentrated HC1 (1 mL) 
was added, and the reaction mixture was filtered. The solvent was removed in 
vacuo. The residue was dissolved in aqueous 1 N NaOH (20 mL), and then 
aqueous 1 N HC1 (20 mL) was added. The precipitate was filtered to give 0.77 g 
10 (65%) of the desired product. The compound X was recrystallized from ElOH: mp 
230-238 "C; Rf 0.20 (30% MeOH/CHCI 3 ); J H NMR (DMSO-d 6 ) 5 1.94 (s, C(0)CH 3 ). 
4.33 (d, J = 5.7 Hz, Cn 2 ), 5.89 (d, J= 7.8 Hz, CH), 7.18-7.33 (m, 5 PlrH), 8.86 (d ,J = 
7.8 Hz, NH), 8.92 (t, J = 5.7 Hz, Nil), 16.54 (hr s, NH); 13c NMR (DMSO-d 6 ) 22.21 
15 (C(0)CH 3 ), 42.37 (CH 2 ), 48.13 (CII), 126.67 (C 4 '), 127.00 (2C 2 ' or 2C 3 '), 128.05 (2C2 1 or 
2C 3 '). 138.52 (Ci') t 160.18 (C(O)NH), 109.58 (C(0)CH 3 ) ppm; mass spectrum, PD 
(relative intensity) 275 (MH1, 73), 274 (100). M r (+CI) 274.119201 (calcd for 
Ci2H 14 N 6 0 2 : 274.117824. 
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Example 118 

Synthesis of a-Acetamido-N-benzyl-3-(l, 2,4-triazole) acetamide. An 
ethanolic solution (250 mL) of 2-acetamido-N-benzyl-2-cyanoacetainide (3.00 g, 13.0 
mmol), formic hydrazide (1.60 g, 26.0 mmol) and K2CO3 (6.00 g, 2.90 mmol) was 
heated at reflux (20h). The reaction mixture was allowed to cool, filtered, and 
the solvent was removed in vacuo. The residue was purified by flash column 
chromatography on Si02 gel using 13% MeOH/CHCl3 as the eluant to give 1.40 g 
(40%) of the desired product. The compound X was purified by recrystallization 
from EtOH: mp 205-207 6 C; H f 0.35 (16% MeOH/CHCl 3 ); *H NMR (DMSO-d$) 8 1.92 
(s. C(0)CH 3 ), 4.30 (d, J = 5.7 Hz, CH 2 ), 5.62 (d, J = 7.8 Hz, CH), 7.18-7.32 (m, 5 
PhH), 8.53 (s, C 5 H), 8.56 (d, J = 7.8 Hz, NH), 8.71 (t, J = 5.7 Hz, NH), 13.98 (s, NH); 
13 C NMR (DMSO-d 6 ) 22.48 (C(0)CH 3 ), 42.41 (CH 2 ), 51.30 (CH), 126.63 (C^), 127.08 
(2C 2 ' or 2C 3 '), 128.11 (2C 2 ' or 2C 3 ’), 139.05 (Ci*), 167.92 (C(O)NH), 169.32 (C(OK)H 3 ) 
ppm; mass spectrum, FD (relative intensity) 274 (M++1, 100), 273 (66). 

Anal. Calcd for Ci3H 15 N 5 02: C, 57.13; H, 5.53; N, 25.63. Found: C, 57.32; 
H, 5.57; N, 25.53. 
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Example 119 

Synthesis of a-Acetamido-N-benzyl-2-(carboxamide oxime) acetamide. A 
suspension of NH 2 OHHCl (1.80 g, 25.9 mmol), K 2 C0 3 (4.85 g, 35.0 mmol). 2- 
acetamido-N-benzyl-2-cyanoacetamide (2.00 g, 8.65 mmol) in absolute ElOH (150 
5 was Ileated at reflux (16 h). The reaction mixture was cooled, filtered, and 

concentrated under vacuum. The residue was purified by flash column 
chromatography on Si0 2 gel using 8% MeOH/CHCl 3 as the eluant to give 1.24 g 
(54%) of the desired product. The compound X was further purified by 
10 recrystallization from ethyl acetate/hexane: mp 172-173 °C; Rf 0.40 (10% 

MeOH/CHCl 3 ); 1 H NMR (DMSO-d 6 ) 8 1.87 (s, C(0)CH 3 ), 4.27 (d, J = 6.0 Hz, CH 2 ), 
4.88 (d, J = 8.4 Hz, CII), 5.37 (s, NH 2 ), 7.21-7.30 (m, 5 Phil), 8.21 (d, J = 8.4 Hz, NH), 
8.48 (t, J = 6.0 Hz, NH), 9.28 (s, OH); 13 C NMR (DMSO-d 6 ) 22.46 (C(0)CH 3 ), 42.15 
15 (CH 2 ), 53.65 (CH), 126.60 (C 4 ’)> 126.99 (2C2' or 2C 3 ’), 128.108 (2C 2 * or 2C 3 '), 139.02 

(Ci'). 149.63 (CNH 2 ), 167.88 (C(O)NH), 169.07 (C(0)CH 3 ) ppm; mass spectrum, FD 
(relative intensity) 265 (M++1, 36), 264 (100). 

Anal. Calcd for Ci 2 H 16 N 4 0 3 : C, 54.54; H, 6.10; N, 21.20. Found: C 54 81- 

Of) ’ * 

H, 6.01; N, 21.41. 
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Example 120 

■ * i 

Synthesis of ct-A.cetainidb-N-benzyl-2-(carboxamid,e oxinie-(O-acetute))- 
acet amide. To a stirred solution of ot-acetamido-N-benzyl-2-(carboxamide 
oxime)acetamide (0.72 g, 7.25 mmol) in pyridine (8 mL), acetyl chloride (0.25 mL,. 

X mmol) was added dropwise. Upon addition of the acetyl chloride a small 
exotherm was detected (25 °C to 37 °C). The reaction mixture was stirred at room 
temperature (1 h). The solvent was then removed in vacuo, and the residue was 
dissolved in CH 2 CI 2 (100 mL). The solution was washed with an aqueous 0.5 N 
HC1 solution (20 mL). The organic phase was dried (Na 2 S 04 ), and the solvent was 
removed in vacuo to give 0.60 g (72%) of the desired product. The compound X was 
recrystallized from chloroform/hexane: mp 131-133 °C; Rf 0.35 (4% 

MeOH/CHCl 3 ); *H NMR (DMSO-d 6 ) 5 1.90 (s, C(0)CH 3 ), 2.06 (s, OC(0)CH 3 ), 4.29 (t, 

J = 5.3 Hz, CH 2 ), 5.00 (d, J .= 8.4 Hz, CH), 6.48 (br s, NH 2 ), 7.19-7.33 (m, 5 PhH), 8.29 
(d, J = 8.4 Hz, NH), 8:66 (t, J = 5.3 Hz, NH); *3(3 NMR (DMSO-de) 19.86 (0C(O)CH 3 ), 
22.77 (C(0)CH 3 ), 42.50 (CH 2 ), 53.45 (CH), 126.89 (C 4 '), 127.28 (2C 2 ’ or 2C 3 '), 128.38 
(2C 2 * or2C 3 '), 139.00 (Cf), 156.13 (CNH 2 ), 167.19 (C(O)NH), 168.49 (OC(0)CH 3 ), 
169.55 (C(0)CH 3 ) ppm; mass spectrum, FD (relative intensity) 307 (M++1, 100), 306 
(43). 

Anal. Calcd for Ci 4 Hi 8 N 4 04 : C, 54.89; H, 5.92; N, 18.29. Found: C, 54.86; 

.'H, 5.84; N, 18.19. 
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Example 121 

Synthesis of cc-Aceta.mido-N-benzyl-3-(l,2,4-oxadiazole)acetamide. ot- 
Acetamido-N-benzyl-2-(carboxamidc oxime)acetamide (0.90 g, 3.4 mmol) was 
dissolved in trimethylorthoformate (10 mL) containing BF 3 -Et 2 0 (6 drops). The 
solution was warmed to 55 °C (20 min), and then evaporated under reduced 
pressure to give, a white-blue solid. The material was dissolved in MeOH and 
treated with norit, filtered, and evaporated under reduced pressure to furnish 
crude product (0.79 g, 85%). The compound was purified by recrystallization from 
chloroform/hexane: mp 164-166 °C; R f 0.37 (6% MeOH/CHCl 3 ); *H NMR (DMSO- 
d 6 ) 5 1.92 (s, C(0)CH 3 ), 4.31 (d, J = 6.0 Hz, dl 2 ), 5.82 (d, J = 8.4 Hz, CII), 7.15-7.34 
(m, 5 PhH), 8.88 (d, J = 8.4 Hz, Nil), 8.96 (t, J = 6.0 Hz. Nil), 9.62 (s, C 5 II); 13Q NMR 
(DMSO-dc) 22.22 (C(0)CH 3 ), 42.35 (CII 2 ), 49.44 (CH), 126.77 (C^), 127.06 (2C 2 * or 
2C 3 '), 128.18 (2C 2 ’ or 2C 3 ’), 138.70 (Ci'), 166.25 (C(O)NH), 166.74 (C 3 ), 167.24 
(C(0)CH 3 ), 169.52 (C5, CH) ppm; mass spectrum, FD (relative intensity) 275 
(M++1, 28), 274 (100). 

Anal- Calcd for GisH^N^: C, 56.93; H, 5.14; N, 20.43. Found: C. 56.65; 
H, 5.01; N, 20.28. 



Example 122 


1 Synthesis of a-A.cetainido-N-bcnzyl-2-(thioatnide)acetainicle. 2-Acetamido- 

N-benzyl-2-cyanoacetamide (4.00 g, 34.64 mmol) and 0,0-diethyldithiophosphoric 

acid (6.45 g, 34.64 mmol) were dissolved in a binary MeOH (80 mL)-ElOH (80 mL) 

5 solution containing II 2 0 (0.32 mL) and heated at 70 °C (6 h) and then allowed to 

remain at room temperature (13 h). The reaction mixture was filtered, and the. 

solvent was removed in vacuo. The residue was triturated with EtOAc to give 2.00 

g (44%) of the desired compound. The thioamide was recrystallized from ethyl 

10 acetate/hexane: mp 170-171 °C; Rf 0.51 (8% MeOH/CHCl 3 ); *H NMR (DMSO-d 6 ) 5 

1.93 (s, C(0)CH 3 ), 4.29 (d, J = 5.0 Hz, CII 2 ), 5.21 (d, J = 8.0 Hz, CH), 7.15-7.31 (m,'5 

Phil), 8.03 (d, J = 8.0 Hz, NH), 8.69 (t, J = 5.0 Hz, NH), 9.27 (s, NHH’), 9.91 (s, 

NHH’); 13c NMR (DMSO-d 6 ) 22.68 (C(0)CH 3 ), 42.24 (CH 2 ), 62.95 (CH), 126.63 (C 4 '), 
15 

126.96 (2C 2 ‘ or 2C 3 '), 128.087 (2C 2 ' or 2C 3 ’), 138.83 (Ci'), 166.42 (C(O)NH), 169.10 
(C(0)CH 3 ), 200.28 (C(S)NH 2 ) ppm; mass spectrum, FD (relative intensity) 266 • 
(M++1, 42), 265 (100). 

2Q Anal. Calcd for Ci 2 H 15 N 3 0 2 S: C, 54.32; H, 5.70; N, 15.84. Found: C, 54.44; 

H, 5.74; N, 15.54. 
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Example 123 

1 Synthesis of Ethyl 2-Ax: et ami tlo-2- vinylacetate. Vinyl magnesium bromide 

(10.9 mL, 1 N, 10.9 mmol) was slowly added to a cooled (-78 °C) solution of ethyl 2- 

acetamido-2-bromoacetate (1.10 g, 4.91 mmol) in THF (50 mL). The reaction was 

5 stirred at -78 °C (2 h), and was then quenched with a 1 N citric acid solution (7.0 

mL ). The mixture was allowed to warm to room temperature, and then the THF 

was removed in vacuo. The aqueous mixture was extracted with CHCI3 (3 x 100 

mL), and the combined CHCI3 extracts were dried (Na2SC>4) and concentrated to 

10 dryness. The residue was purified by flash chromatography using Si02 gel and 

2% MeOH/CHCl 3 as the eluant to give 0.50 g (60%) of the desired product as a light 

yellow colored oil: Rf 0.51 (4% MeOH/CHCl 3 ); *H NMR (DMSO-d 6 ) 8 1.17 (t, J = 7.1 

Hz, OCH2CH3), 1.88 (s, C(0)CH 3 ), 4.09 (d, J = 7.1 Hz, OCH2CH3), 4.80-4.86 (m, a- 
15 

CH), 5.22-5.35 (m, CH=CH 2 ), 5.82-5.92 (m, CH=CH 2 ), 8.47 (d, J = 7.4 Hz, NH); 
NMR (DMSO-d 6 ) 13.96 (OCH 2 CH 3 ), 22.12 (C(0)CH 3 ), 54.65 (a-CH), 60.71 
(OCH2CH3), 117.89 (CH=CH 2 ), 132.48 (CH=CH 2 ), 169.16 (C(0)CH 3 ), 170.26 
(C(O)NH) ppm. 
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Example 124 

1 Synthesis of Vinyl Glycine. A mixture of ethyl 2-acetamido-2-vinyl acetate 

(5.20 g, 30.40 mmol) and aqueous 6 N IIC1 (200 mL) was heated to reflux (2 h). The 
mixture was cooled to room temperature, and then extracted with CHC1 3 (3 x 100 
5 mL). Ihe aqueous solution which was dark brown in color was decolorized with 
norit (15 min) at 60 °C, and then the mixture was filtered, and the filtrate was 
concentrated to dryness to give aude vinyl glycine hydrochloride. The salt was 
dissolved in a minimum amount of H 2 0 and acidified to pH 2.0 with aqueous I N 
10 HC1. The solution was applied to an ion exchange resin (Dowex 50XW4, 
ammonium form) and eluted with H 2 0 until the eluate was neutral. The ion 
exchange column was then eluted with an aqueous 1 N NH4OH solution (-500 
^ mL). Removal of volatile materials from the NH4OH eiilate gave 1.80 g (60%) of 
vinyl glycine: mp 218-220 °C (d); Hi NMR (D z O) 6 4.09 (d, «/= 7.2 Hz, a-ClI), 5.28- 
5.35 (m, CH=CH 2 ), 5.80-5.87 (m. CH=CH 2 ). 
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1 Syn,hesis °f 2-Ace tamido-2-vinylacetic acid. Acetic anhydride (2.50 g, 24.50 

mmol) was added slowly into a cooled (-10 «C) solution of vinyl glycine (2.20 g. 21 78 
mmol) in AcOH (100 mL). The mixture was stirred at this temperature (30 min) 

5 and then at r ° 0m ltmperalure (3 h >- The solution was concentrated repeatedly 
from H 2 0. The residue was dissolved in absolute EtOH (200 ml) and then 

colorized (nont, 60 C), and filtered. The filtrate was concentrated in vacuo, 

and the residue was triturated with Et 2 0 to give 1.70 g (55%) of the desired product 

10 as a low melting yellow solid: NMR (DMSO-d 6 ) S 1.87 (s. CKOXlHa). 4.75 (dd J - 

6.2. 7.5 Hz. a-CH), 5.13-5.27 (m. CH=CH 2 ), 5.84-5.96 (m. CH=CH 2 ). 8.24 5 

Hz, Nil). 
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Example 126 

Synthesis of2-Acetamido-N-betxzyl.2-vinylacetamide. 4-Mclhyl morpholine 
( -71 g, 6.99 mmol) was added to a suspension of 2-acetamido-2-vinylacetic acid 
(1.00 g, 6.99 mmol) in THF (325 mL), and the mixture was stirred at room 
temperature (30 min). The reaction was cooled to -10 to -15 °C and then 
isobutylchloroformate (1.24 g, 9.08 mmol) was then added dropwise. After 
etxmng (10 mm), a solution of benzylamine (0.75 g, 6.99 mmol) in THF (25 mL) 
added (15 min). The reaction mixture was allowed to warm tp 0 °C. The 
insoluble material was filtered. The filtrate was concentrated in uacuo. and the 
residue was purified by flash column chromatography on Si0 2 gel using 3% 
3 as the eluant to give 1.00 g (62%) of the desired product: mp 136-138 
°C (recrystallized from EtOAc); R f 0.24 (3% MeOH/CHCl 3 ); *H NMR (DMSO-d 6 ) 5 
15 1.88 (s, C(0)CIl3), 4.27 (d, J = 5.6 Hz, CII 2 ), 4.89-4.94 (dd, J = 6.4, 7.8 Hz, a-CH), 
5.13 o.30 (m, -CH=CII 2 ), 5.81-5.93 (m, -CII=CH 2 ), 7.20-7.33 (m, 5 Phil), 8.27 (d, J = 
7.8 Hz, Nil), 8.58 (t, J = 5.6 Hz, Nil); 13 C NMR (DMSO-d 6 ) 22.47 (C(0)CH 3 ), 42 05 
(CH 2 ), 55.24 (a-CH), 116.44 (CH=CH 2 ), 126.74 (C 4 *). 127.05 (2C 2 * or 2C 3 '). 128 24 

20 (2C 2 * or 2C 3 '), 134.76 (CH=CH 2 ), 139.25 (C,*). 168.78 (C(0)CH 3 ), 168.99 (C(O)NH) 

ppm. 


25 ' 


30 


33 



Example 127 


Synthesis of 2-Ace tamid.o-N-benzyl-2-epoxy acetamide. A solution of 2- 
acetamido-N-benzyl-2-vinylacetamide ( 1.00 g, 4.31 mmol) and m-chloroperoxy- 
benzoic acid (1.76 g, 55%, 5.60 mmol) in dichloromethane (100 mL) was stirred at 
room temperature (24 h), and then heated at reflux (3 li). The reaction solution 
was treated with .a saturated aqueous Na 2 S 03 solution (20 mL) and then the 
organic layer was extracted with a saturated aqueous NaHC0 3 solution (3 x 50 
mL). The organic layer was washed with a saturated aqueous NaCl solution and 
dried (Na 2 S0 4 ). The CH 2 C1 2 was removed in vacuo, and the residue was then 
purified by flash column chromatography on Si0 2 gel using 4% MeOH/EtOAc as 
the eluant to give 0.35 g (33%) of the desired product: mp °C (recrystallized from 
EtOAc); Rf 0.48 (5% MeOH/CHCl 3 ); *H NMR (DMSO-de) 5 1.87 (s, C(0)CH 3 ), 2 66 
(dd, J = 2.5, 5.0 Hz, CH(O)CHH), 2.75 (dd, J = 4.3, 5.0 Hz, CH(O)CHH), 3.20 (m, 
CH(O)CHH), 4.25-4.32 (m, a-CH, CH 2 ), 7.21-7.34 (m, 5 PhH), 8.30 (d, J = 8.1 Hz, 
NH), 8.59 (t, J = 5.8 Hz, NH); iSC NMR (DMSO-d 6 ) 22.18 (C(0)CH 3 ), 41.99 (CH 2 ), 
43.91 (CH(0)CH 2 ), 51.30 (CH(0)CH 2 ), 53.80 (a-CH), 126.49 (C 4 '), 126.83 (2C 2 ’ or 
2C 3 ‘), 127.98 (2C 2 ' or 2C 3 ’), 138.86 (Ci*), 168.52 (C(O)NH), 169.24 (C(0)CH3) ppm. • 
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Example 128 

1 Synthesis of Potassium 2-Acctamido-N-benzylacetcimicLc-2-sulfonate. A 

solution of 2-acetamido-N-benzyl-2-(trimethylammonium)acetamide tetrafluoro- 
borate (0.30 g, 0.85 mmol) and K 2 S0 3 (0.68 g, 4.26 mmol) in H 2 0 (7.0 mL) was 
5 heated at 50-55 °C (4 h). The solution was evaporated to dryness, and Lhe residue 
-was extracted with hot MeOH (3 x 10 mL). The MeOH was removed in vacuo to 
give a white solid (-30 mg): *H NMR (D 2 0) 5 1.97 (s, C(0)CII 3 ), 4.33 (CH 2 ). 5.45 
(CH). 7.19-7.28 (m, 5 Phil); 13Q NMR (D 2 0) 22.00 (C(0)CH 3 ), 43.41 (CH 2 ), 67.77 
(CH), 127.18 (2C 2 ' or 2C 3 ’), 127.53 (C.*'), 128.83 (2C 2 ’ or 2C3*), 137.58 (Ci') t 166.02 
(C(O)NH), 173.65 (C(0)CH 3 ) ppm. 
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Example 129 

1 Synthesis of Ethyl 2-Acetamido-4-pentenoic acid ester. Allyltrimethyl- 

silane (4.09 g, 31.40 mmol) was added to a stirred solution of ethyl 2-acetamido-2- 
bromoacetate (1.76 g, 7.86 mmol) in dry THF (90 mL). After stirring (5 min), an 
5 ethereal solution of ZnCl 2 (1 N, 12.2 mL, 12.2 mmol) was added and the stirring 
was continued (70 h). The THF was removed by distillation in vacuo and the 
residue that remained was treated with H 2 0 (50 mL). The aqueous mixture was 
extracted with CH 2 C1 2 (3 x 75 mL), the combined extract was dried (Na 2 S04) and 
10 concentrated to give 1.40 g (97%) of the desired product. The ester was purified by 
distillation in vacuo (65-70 °C, 0.3-0.8 torr) to give the desired product as a colorless" 
oil: Rf 0.35 (3% MeOH/CHCl 3 ); 1H NMR (CDC1 3 ) 5 1.25 (t, J = 6.8 Hz, OCH 2 CH 3 ), 
1.99 (s, C(0)CH 3 ), 2.44-2.60 (m, CH 2 CH=CH 2 ), 4.17 (q, J = 6.8 Hz. OCH 2 CH 3 ), 4.60- 
5 4.66 (m, CH), 5.07-5.11 (m, CH 2 CH=CH 2 ), 5.59-5.70 (m, CH 2 CH=CH 2 ), 6.15 (br s, 

NH); 13C NMR (CDC1 3 ) 14.09 (OCH 2 CH 3 ), 23.00 (C(0)CH 3 ), 36.46 (CH 2 CH=CH 2 ), 
51.58 (CH), 61.39 (OCH 2 CH 3 ), 118.95 (CH 2 CH=CH 2 ), 132.15 (CH 2 CH=CH 2 ), 169.64 
2Q (C(0)CH 3 ), 171.74 (C(0)0CH 2 CH 3 ) ppm; mass spectrum, m/e (relative intensity) 
186 (M++1, 2), 144 (19), 126 (7), 112 (31), 102 (73), 87 (18), 71 (100), 70 (89). 
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Exanrole 130 

1 Synthesis of 2-Acetamido-4-pentenoic acid. Ethyl 2-acetamido-4-pentenoic 

acid ester (1.20 g, G.50 mmol) was dissolved in 90:5 Et0H:H 2 O (40 mL), and Llien 
KOII (l.oO g, 26.80 mmol) was added and the resulting solution stirred at room 
5 temperature (48 h). The reaction was concentrated in vacuo and the residue 
diluted with II 2 0 (15 mL) and then washed with Et 2 0 (2 x 30 mL). The aqueous 
layer was then made acidic wilh 8.5% II3PO4 and extracted with EtOAc (3 x 75 
mL). The combined organic layers were dried (Na 2 S 04 ), and evaporated in vacuo 
10 to give 0.56 g (55%) of the desired product: mp 113-115 P C (recrystallized from 
EtOAc); NMR (DMSO-d 6 ) 5 2.00 (C(0)CH 3 ), 2.43-2.65 (m; CH 2 CH=CH 2 ), 4.36- 
4.43 (m, CH), 5.19-5.30 (m, CH 2 CH=CH 2 ), 5.84-5.98 (ra, CH 2 CH=CH 2 ), 8.29 (d, J = 
7.7. Hz, NH), 12.78 (br s, OH); 13c NMR (DMSO-d 6 ) 22.35 (C(0)CH 3 ), 35.44 
15 (CH 2 CH=CH 2 ), 51.68 (CH), 117.70 (CH 2 CH=CH 2 ), 134.07 (CH 2 CH=CH 2 ), 169.27 
(C(0)CII 3 ), 173.11 (C0 2 H) ppm; mass spectrum, m/e (relative intensity) 158 (M++1, 
2), 139 (6), 116 (20), 112 (8), 74 (73), 70 (47), 42 (100). 

Anal. Calcd for C 7 HuN0 3 : C, 53.50; II, 7.06; N, 8.91. Found: C. 53.64; H, 
20 7.15; N, 8.82. 
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Example 131 

Synthesis of 2-A.cetamido-4-pentenoic acid-N-benzylamide. 4-Methylmor- 
pholine (0.55 g, 5.40 mmol) was added to a cooled (-10 to -15 °C) THF solution (60 
mL) of 2-acetamido-4-pentenoic acid (0.81 g, 5.18 mmol), and then isobutylchloro- 
formate (0.75 g. 5.70 mmol) was added leading to the precipitation of a white solid. 
After 2 mm, a solution of benzylamine (0.61 g, 5.70 mmol) in THF (10 mL) was 
slowly added at -10 to -15 °C. The reaction was allowed to warm (5 min ) at room 
temperature and the insoluble salts were removed by filteration, and the filtrate 
was evaporated to dryness. The residue was triturated with EtOAc (10 mL), and 
the remaining white solid was filtered to give 0.81 g (64%) of the desired product: 
mp 118-120 °C (recrystallized from ethyl acetate/cyclohexane); Rf 0.36 (4% 
MeOH/CHCl 3 ); IR (KBr) 3200 (br), 3040, 2900, 1650 (br), 1540 (br), 1350, 750, 700 
cm-l; 1H NME (DMSO-d 6 ) 5 1.83 (s, C(0)CH 3 ), 2.22-2.49 (m, CH 2 CH=CH 2 ), 4.26 (d, 
J = 5.3 Hz, CH 2 Ph), 4.25-4.33 (m, CH), 4.99-5.09 (m, CH 2 CH=CH 2 ), 5.65-5.77 (m, 
CH 2 CH=CH 2 ), 7.21-7.29 (m, 5 PhH), 8.05 (d, J = 7.6 Hz, NH), 8.46 (br s, NH); 13c 
NMR (DMSO-d 6 ) 22.41 (C(0)CH 3 ), 36.24 (CH 2 CH=CH 2 ), 41.91 (CH 2 Ph), 52.20 (CH), 
117.15 (CH 2 CH=CH 2 ), 126.54 (C 4 '), 126.99 (2C 2 * or 2C 3 '), 128.04 (2C 2 ‘ or 2C 3 '), 139.22 
(Ci’), 134.25 (CH 2 CH = CH 2 ), 169.02 (C(0)CH 3 ), 170.96 (C(O)NH) ppm; mass 
spectrum, m/e (relative intensity) 246 (M + , 4), 205 (4), 163 (15), 140 (8), 106 (33), 91 
(77), 70(100). 

Anal. Calcd for Ci 4 Hi 8 N 2 0 2 : C, 68.27; H, 7.37; N, 11.37. Found: C, 68.55; 
H, 7.31; N, 11.48. 



Example 132 


Using the procedures described herein, the 
following compounds can also be synthesized: 

a-acetamido-N-benzyl-2- ( 2-oxazole) -acetamide 
a-acetamido-N-benzyl-2-( 2-thiazole) -acetamide 
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Phar macology . Using male Ca 

compounds 
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of the present invention were tested f 
activity according to the followinn p 


cw °rth Farms fil mice# 
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In the rotorod test, the animal was placed on a 
one-inch diameter knurled plastic rod rotating 
rpm after the administration of the drua 
mice can remain on a rod rotating at th’ 9 * ormal 
Neurologic toxicity was defined Is the * ^ ^ lnd « finitely ' 

animal to remain on -w H failure of the 

-horizontal screen test^ ^ f ° r ^ minUte * In the 
dosed with the Previously trained mice were 

too of compound and placed individually on 

top of a square (13 cm X 13 cm) wire 
mesh) whioK C ' Wlre screen (no. 4 

h) which was mounted on a metal *-«* 

rotated 180 ° and t-H , * T ^ e rod was 

to the ton Of lu r ° £ mlce that ^turned 

to climb to (he Lnith'"" dete ™ ined ' *"**U*Y 
"neurological impairment' defi " ed " 

i: -nsr.^^rinT" 

IS incorporated herein by reference wUh ^ 

and effect as if fully ^ £ °~* 

The dose effect behavior of the compounds was evaluated 

the above-described procedures by the administration 
o varying dose levels, treating normally eight mice 
at each dose. Table I includes an evaluation of the 
: edran Effective Dose (ED50) and the Median Toxic Dose 
of representative compounds. Mice were tested 
with varying doses of tne anticonvulsant to define 
the limits of complete protection (or toxicity) and 
no protection (or no toxicity), as well as three points 
in between these limits. The Median Effective Dose 
(ED50) was defined as the dose which produced the desired 
point in 50s of the animals. The Median Toxicity 
Dose (TD50) was the dose which elicited evidence of 
minimal neurological toxicity in 50% of the animals.. 




j jui c; 




lad mated in Table 


generated as follows: 

10 in in ™% c ° mp ° und was Siven in various dose levels (i.e., 

Dhen h ' h- ’ i °° I " 9 * and subsG( 3uently compared with phenytoin, 
P nobarbrtal, mephenytoin and phenacemide (See Table I). 

wel^ Y ' D ' L ' alaninc " N, ' benz y lam i‘3e was tested at 600 mg/mL as 
. Seizures were then artifically induced by either 

ulectroschock or pentylenetetrazole. Maximal electroshock 

secures (HES, were. elicited with a 60 cycle alternating 

Unimak ^ lntenStly (5 ' 7 that necessary to elicit 

minimal electroshock seizures) delivered for 0.2 sec via 

^TprLr 1 ^ tr ° ,I i*‘ A dr ° P ° f °' 9% SallnS “ aS instilled in the 

death of t-h 3PP 1CatJLOn ° £ the elec trodes so as to prevent the 
death of the animal. Protection in this test was defined as 

the abolition of the hind limb tonic extension component of the 

izure. The Subcutaneous Pentylenetetrazole (Metrazol R ) 

Serzure Threshold Test (sc Met) entail r>ri t-v.o , ■ . 
o c m 1 encaj -leu the administration of 

mg/kg of pentylenetetrazole as a 0 . 5 % solution 

subcutaneously in the posterior midline. This amount of 

pentylenetetrazole was nyn Pr t n H , 

than 96 - „ f • expected to produce seizures in greater 

mice. The animal was observed for 30 minutes. 

Protection was defined as a , 

seizure (a si i 1 to observe even a threshold 

rture a single episode of clonic spasms of at least 5 sec 

duration,. The results of these tests are tabulated in T Ible 
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TADI-E I 



Conip^^flJLi^vo^Ms^i^fln^E^fGctiivs Possess 



Comoound 

TOX 

TD50 mg/kq 

MES 

ED50 mcr/):g 

sc Met 
ED50 mq/kq 


N-acetyl-D, L- a la nine— 
N ' -benzy lamide 

454 

(417-501) * 

77 

(67-89) * 

* 

10 

N-ace tyl-D-a la nine- 
N ' -benzy lamide 

214 

(148-262) * 

55 

(50-60) * 

55 

(43-67) * 


N-ace tyl-L-a la ni-ne- 
N ' —benzy lamide 

841 

(691-594) * 

548 

(463-741) * 

* 

15 

N-acetyl-D , I,- 
pheny lg lycine-N ' - 
j benzylamide 

» 40 

32.1 

* 


N-acety 1 — D— phenyl— 
glycine-N ' -benzyl- 
amide 

» 80 

26 .4 

* 

20 

N-ace tyl-L— phenyl— 
glycine-N ' -benzyl- 
amide 

100-300 

>300 



D , L- ci-acetamido-N- 
benzy 1-3- thiophene - 
! acetamide 

>100 

87.80 

* 

25 ' : 

! 

X) , L- ct-acetamido-N- 
benzyl-2-thiophene- 
ace tamide 

30-100 

44.80 

* 

30 

D , L- d -ace t ami do- N- 
benzy 1-2-f uran- ~~ 

I acetamide 

40 

10 .33 

* 

D , L— c^-acetamido-N — 
benzy 1-2-pyrrole-"” 
acetamide , 

< 100 

16.10 

* 


35 
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TAIJLE_J_-cont , d. 


ComnaraLive Mcrli.-.r. 


Effective Dosaae 


Comppu nd 

D , L-2-acetamido-N— 
benzy 1-2 -ethoxy- - 

acetamide 

D , L-2-ace tamido-N- 
benzyl-2-metho>:y- 
•acetamide 

(D,L)-a-Acetamido-N- 
benzyl-2-(5-melhyl furarr)- 
acetamide 


To>: 

TD50 rna/>:q 


> 112 


< 300 
75.45“ 


KES sc Met 

ED50 ma/kq ED50 mg /kg 

62.01 £ 

98.30 f. 

19 2 ^ 

(16.4-23.8r 


(D,L)-a-Acelamido-N- 

benzyl-2-benzofuran- 

acetamide >100<300 J:x >100<300 


(D,L)-a-AccLamjdo-N- 

bcnzyl-2-bcnzoPyblluo- 

pbcncacetamide >100<3005“ >100<300 

(D.L)-a-Acctamido-N- 
bcnzy]-2-(5-meLhy] pyrrole) 
acetamide x 


36.5 

(30.6-57.1)* 


(D,L)-a-Acctamido-N-(2- 

fluorobenzyl)-2-furan- 

acctamide x 40.0 

(D,L»)-a-AceLarrudo-N-(3- ' • 

fluorobenzyl)-2-lur.axi- 135.6 • 

acetamide { 114 . 9-161 . 8 13.3 

di.5-i5.3r 



$©10* 

\Lf ' 2 -acetamido-N-ben 2 yI- 2 - 
aminoacetamide 

S •> 

- ^“ ac e tamido-N- benzyl- 2 - 

(1 Pyrrolyl) acetamide 

■ ^~ ac p e tamido.-N- benzyl - 2 - 

(1-imidazo j?L) acetamide 

lo F K , ai 5 : I e i amido '^'ben2yl-2- 
(N.N-dimethylamino)acetamide 

Tox 

TD 50 mg/kg 
t 

+ 

* 

f 

MES 

ED 50 mg/kg 

65.1 

(56.2-75.3) 

80.2 

>100 

45.3 

scMet 

ED 50 ma/ka 
f - 

* 

•• + \ ' 

f 

2 -acetamido-N-ben 2 yl- 2 - 

(4-morpholine)acetamide 

V 

f 

>30. <100 

f 

1 ( t 2 -acetamido-.bi-benzyl- 2 - 
^vj. (N.N.N-trimethylamrnonium) 
" acetamide tetrafluoroborate 

f 

>100 

t 

2 -acetamido-N-ben 2 yl- 2 - 

(N-anilino)acetamide 

f 

>300 

f 

2 -acetamido-N-ben 2 yl- 2 - 
' po (N-( 3 -pyra 2 olylamino)) 
acetamide 

f 

-100 

t 

- • 2 . 2 -diacetamido-JvJ-ben 2 yl- 
■ acetamide 

f 

> 100 . <300 

t 

. 2 -acetamido-N-ben 2 yl- 2 - 
trjfluoroacetamidoacetamide 


>300 

f 

■ ?-acetamido-K-ben 2 yl- 2 - 
(N-hydroxyamino)acetamide 

f 

-100 

t ' 

2 -acetamido-N-ben 2 yl- 2 - 
(N-methoxyamino)acetamide - 

30 „ 

2 -acetamido-N-benzyI- 2 - 
i (N-(N.-methylhydroxyamino)) 
acetamide 

46.0 XX 

(38.0-56.0) 

f 

6.2 

(5. 4-7.2) 
-30 

f 

f 

_ 2 -acetamido-N-benzyl- 2 - 

(N-(f^,Q-dimethylhydroxy- 
35 amino)acetamide 

50.5 XX 

(40.4-59.9) 

6,7 

(5. 7-7.7) 

f 

• 2 -acetamido-J^-benzyl- 2 - 
: (N-isoxazolidino)acetamide 

f 

31.4 

(26.7-37.8) 

f 



Best Available Copy 



1 2-acetamido-£J-benzy!-2- 
(N.2-phenylhydrazino) 
acetamide 

f 

-100 

t 

2-acetamido-J^-benzyl-2* 
c (M 2 *benzyloxycarbonyl- 
hydrazino)acet amide 

t 

55.6 

(49.3-63.9) 

t 

, 2 -acetamido-N-benzyl- 2 - 

' -hydroxyacetamide 

"f 

80.1 

(70.6-91.0) 

f 

2-acetamido-N-benzyl-2- 
10 ( 1— Pyrazoiyl) acetamide 

t- 

,16.5 

(14.1-22.5) 

* 

2-acetamido-JNJ-benzyl-2- 

phenoxyacetamide 

f 

>100 

t 

15 - „ 

2-acetamido-N-benzyl-2- 

(methylmercapto)acetamide 

t 

>100 

f 

2-acetamido-^l-benzyl-2- 
■ 1 • (ethylmercapto)acetamide 

f 

>30. <100 

f 

20 2-acetamido-N-benzyl-2- 
' (S-thiophenoxy)acetamide 

f 

>300 

t 

2-acetamido-H-benzyl-2- 
. j (elhyimercapto)aceiarnide- 

. : £-oxide (diastereomer A) 

t 

>100 

t 

25 2-acetamido-N-benzyl-2- 
. (ethylmercapto)acetamide- 
• - S-oxide (diastereomers A + B) 

' t 

>100 

t 

2-acetamido-N-benzyl-2- 


>100 



(ethylsulfonyl)acetamide 

39 


35 
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X, 

l' / 1 n?- L) ?- Ac ^mido.N-(4- 

'■ ?“^ ob ?n^l)-2.ruran- 

3 CC Lduj j Jq 

S fj^n^^ a '/^ ccLarr iitJo-N-C2 5 

• P dinuorobcnzyl). 2 .r u „„ ' ’ 
acetamide. uran * 


144;. 4 

(122. 5-17o. gj 


10 


(p.L)-a-AccLaraido N -(2 K 
di/luorobcnzy]>- 2 -r U ran ' 6 ' 
acetamide ran 

(D)-(-)-a-Acetamido-N-ben7vl 
2-furanacctamide en2yl_ 

(LH+J.a-Acetamido-N-benzvl 
2 -fu ran acetamide nz;yJ * 

15 ad’d^l^ ^ ani^i d'e ^ Jcn *' eno ^ c - 
2-ace tamido-H-benzv 1 - 2 - 

• (2 - p y r idyl) acetamide 


2a 


25 


2 D (mon' A i CeLaraido * N - bcn zyl- 

2 ( clh l lamj no)acetamide y 

2 D f’ e ^ 2 l' Ac ^ tamid °- N - b cnzyl- 

2-(etliylamino;acetamide 


(n,L)-2-Acetamido-N-benzyl- 


30 


3- xndoleace t a mide 
pheny toin 

phenobarbital 

"’e pheny toin 
phenacemide 


x 


23 . 8 xx 

>300 


05.0 


X 


66 

69 

154 

421 

(337-54g j * 


, 22.7 

UO.4-15.1)* 


23 8 

(20.2-28.4)* 


->25<100 


* 959o conijd#»nce_ intervals.* 

xx Th^TD 50 f °a]ue S was deTe^ "' aS i ioL . c °™Puioa. 

Z'ZSzz’g zz lhe horizoniai 


(2.S-3.9)* 

T A 

>100<300 

a 

33.6 

* 

8.5 

* 

44.5 

(37.0-52.4)* 

A 

42.4 

(37.2-47.8) 

* / 

XXX 

’ ¥- 

10 

not . effective. 

22 

13 

61 . 

31 

87 

(74-100) * 

116 

(71-150) * 

screen test. 
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Other results from the pharmacological protocols 
are summarized in Tables II, hi and IV. 
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Table Selected Physical and Pharmacological Data In Mice tora-Acelamido-A/-benzyl-2- 
1 luranacetamlde (2)-Oerivalives. a ' *• 


5 

CMP# 

Ra 

Rb 

CHjCNH 

Rc 

- c- 
1' 
Rb 

X 

c — 

Y 

NHR C 

b 

mp 

MES° 

EDso^gAg 

Tox^ 

TD 50 mgAg 



~Q 

H 

CH 2 C$Ms 

0 

0 

159-161 

51.7 

t 


ab 

-Q 

H 

ch 2 c 6 h s 

0 

0 

130-132 

(44.4-59.9) 

898 

f 

10 

i 

• -Q 

ch 3 

CH 2 C 6 Hs 

0 

0 

-h 

(78.4-103.4) 

>300 

f 


5 

-Q 

H 

CH 2 C 6 H 5 

s 

0 

7860 

18.4 

f 


6 


H 

ch 2 c 6 h 5 

s 

s 

99-101 

(15.9-22.0) 

>100 

f 

15 

2 

-O 

H 

ch,hQ 

0 

0 

172174 

-30 

f 


fi 

-Q 

H 

CH t — 

0 

0 

168-170 

>100 

f 

20 

9 

-Q 

H 

o 

X 

M 

o 

0 

0 

159-161 

-30 

f 


Jfi 

_Q 

H 

CH a — 

O 0 

0 

210-212 

>100 

£ 


25 


30 
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Table II continued 


11 

-Q ■ 

H NHNH 

12 

-Q 

H CH 2 -0- F 

(fl)-12 

-Q . 

h ch 2— 

(fl)-13 

-Q 

H ch 2 -^-ch ; 



H CH 2 ^Q_ CF3 


phenytoin r 


phenobarbiial * 
valproate * 


0 

0 

226-228 

>100 

f 

- 

0 

0 

188-190 

127 

(10.4-15.1) 

144 

(123-171) 

11.3 

0 

0 

205-207 

3.5 

(29-4.4) 

14.4 

(7.3-28.9) 

4.1 

0 

0 

210-212 

<10 

f 

- 

0 

0 

193-195 

>10.<30 

f 

- 




95 

(8.1-10.4) 

65.57 

(525-72.1) 

63 




215 

(15.0-22.5) 

69.0 i 
(628-72.9) 

3 2 




272 

(247-338) 

426 i 
(369-450) 

1.6 


aThe compounds were administered Intraperitoneally. ED 50 and TD 50 values are in milligrams per kilogram Numbers 
in parentheses are 95% confidence intervals. Time ol peak effects in hours as determined in Ihe Experimental' Section is 
denoted in brackets. Melting points (°C) are uncorrected. C MES = maximal electroshock seizure test. Compound was 
suspended In 30% PEG. °Tox = neurologic toxicity determined Irom horizontal screen unless otherwise noted epi = 
protective index (TD50/EO50). f Not determined. h Thick oil - ' 
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Table in Selected Physical and Pharmacological Data in Mice (or N-Substiluted a.ct-Diamino Acid 
Derivatives. 3 


5 


10 


15 


20 


25 


O R 2 O 
„ , 11 I II 
CH 3 CNH — CH — CNHCH,Ph 


no 

R2 

2e 

NHC(0)CH 3 

21 

NHC(0)0Ph 

2a 

NHC(0)NHCH 3 

2b 

NHC(0)NHPh 

2 

NHC(0)NHS(0j)Ph 

2 

NHC(S)NHCH 3 

2s 

NHC(S)NHPh 

2 

NHC(0)Ph(2 , -C0 2 H) 

O 

2m 



o 

2a 

NHC(0)CH 2 NHC(0)0CH 2 Ph 

2a 

NHCH 2 C{0)0CH 2 CH 3 

2a. 

NHCH 2 C(0)0CH 2 Ph 


mp b 

MES° 

ED S0 

tox d 

TD 50 

202-204 

>30,<100 

e 

201-203 

>100 

e 

229-230 

>100 

e 

242-244 

>100 

e 

188-191 

>100 

e 

162-163 

>100 

e 

196-197 

>100 

e 

186-188 

>100 

e 

181-183 

>100 

e 

177-179 

>10 ( <30 

e 

125-127 

>100 

e 

133-135 

72 

74 
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1 


Table III continued 


23 NH 2 CH 2 CO 2 124-126 


phenytoin 

phenobarbilal 

valproate 


95 

65.5f 

(8.1-10.4) 

(52-5-72.1) 

21S 

69.0f 

(15.0-22.5) 

(62.8-725) 

272 

426f 

(247-338) 

(369-450) 


10 


In par e nt STr g ^ r:? red l ? Ua P® fi,onB , a,, r- , ED 50 and TD50 values are In milligrams per kilogram. Numbers 
deSoled^ In hmckete ^ 5 4 e rnn I " or, S ‘ ™" 0 °' ^ ® ,fec,s ln hours 0S determined in the Experimental Section Is 

su?nanrllrf h nf Prc 0 P ?u ( , C)ar0 “peeled. C MES - maximal electroshock seizure lest. Compound was 

oKse rated ^.rrm!nL° I'llf 50 ? 0, - ed ; ?J° X " neuro, ° 9,c loxlcl 'y determined from horizontal screen unless 
otherwise noted. Not determined. f Neurologic toxicity determined using the rotorod lest. 
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Table IV Pharmacological Data in Mice for a-Acetamido-N- 
Benzyl-2-Heterocyclic Derivatives 

OH O 

II I || 

CH .t - C- N-CH-C - NHCH, 

R 2 




66.9 

( 55 . 6 - 81 . 1 ) 


> 30 , <100 


jO" 


^ kO. 


was suspended in a 30% a pEc!" eCtrOShOCk seizure test. Compound 


hori Z ontarscreen U unleIs C otherwtse notld? 1 "^ fr0,n 


35 
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T 1) US . LJ } i A I 1 

reference to certain preferrer^, 0 " bee " described with 

the ° rt realize that eh.™ th ° Se sl:ille d i„ 

r de thereto without ^ "-^cation. may be 

f the appended claims. 1 and infc ended 
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